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Historical  Eloye  on  M.  Frederic  Cuvier.*  By  M.  Flourens, 
Perpetual  Secretary  of  the  Academy  of  Sciences.t 

Among  the  individuals  to  whom  our  Eloges  are  dedicated, 
there  are  some  who,  by  their  brilliant  labours,  have  early  ac¬ 
quired  distinguished  celebrity,  and  with  regard  to  them  our 
voice  is,  to  a  certain  extent,  nothing  more  than  an  echo  of 
public  gratitude  ;  whilst  there  are  others  who,  having  devoted 
themselves  to  humbler  pursuits,  are  hence  less  known.  In 
these  latter  instances,  however,  our  Eloges  are  not  on  that  ac¬ 
count  the  less  useful.  They  point  out  sources  of  information 
of  wdiich  we  should  probably  have  remained  ignorant,  and 
preserve  the  recollection  of  respectable  names  it  would  be  un¬ 
just  to  forget.  These  considerations  become  peculiarly  appli¬ 
cable  when  they  refer  to  an  individual  who,  like  the  one  on 
M’hom  I  am  about  to  dwell,  has  past  thirty  years  of  a  labo¬ 
rious  life  in  profound  study  ;  and  has  died  leaving  behind  him 
rather  scattered  observations  than  systematized  doctrines,  and 
detached  materials  rather  than  a  finished  work. 

Frederic  Cuvier,  member  of  the  Academy  of  Sciences,  of 
the  Royal  Society  of  London,  and  brother  of  George  Cuvier, 
was  horn  at  Montbeliard  on  the  28th  of  June  1773.  His 
brother  was  born  on  the  23d  of  August  1769,  so  that  Frederic 
was  the  younger,  and  by  nearly  four  years.  As  soon  as  he 
had  passed  the  years  of  boyhood,  he,  Hke  his  brother,  went  to 


•  Read  July  13.  1840. 

t  We  are  indebted  to  J.  B.  Pentland,  Ehq.  for  this  early  copy  of  the 
Eloge. — Editor. 
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the  College  of  Montbeliard ;  but  the  period  of  the  develop¬ 
ment  of  his  genius  had  not  as  yet  arrived  ;  of  these  his  eftrly 
studies,  he  saw  only  the  dry  and  uninviting  side  ;  and,  finally, 
he  abandoned  them  altogether,  and  became  apprentice  to  a 
watchmaker.  He  had  a  strong  bias  towards  mechanics ;  and 
his  curiosity,  which  the  ordinary  studies  of  college  had  not 
excited,  was  roused  to  the  highest  pitch  by  an  experiment  in 
physics,  or  the  examination  of  a  new  machine.  It  is  not  easy 
to  conjecture  the  celebrity  to  which  this  bent  might  have  raised 
him,  had  not  more  influential  circumstances  diverted  his  at¬ 
tention  from  mechanics  and  directed  it  to  natural  history. 

These  circumstances  naturally  sprang  from  his  connection 
with  his  illustrious  brother  George,  who,  after  the  most  bril¬ 
liant  career,  first  at  the  college  of  Montbeliard,  and  afterwards 
at  the  university  of  Stuttgard,  and  also,  after  three  years  spent 
at  Fecamp,  a  small  town  in  Normandy,  “  au  milieu,”  to  use 
his  own  expression,  already  quoted  in  his  Eloge,*  “  des  pro¬ 
ductions  les  plus  variees  que  le  mer  et  la  terre  semblaient  lui 
offrir  a  I’envi,”  arrived  in  the  year  1795  in  Paris.  He  at  this 
date  published  his -memoir  upon  the  distribution  of  White- 
blooded  animals  ;  and  the  following  year  his  memoir  on  Fossil 
Elephants.  By  the  first  of  these  he  effected  a  revolution  in 
zoology  ;  and  in  the  second  he  announced  his  grand  views  con¬ 
cerning  the  animals  which  had  been  destroyed  by  the  revolu¬ 
tions  of  our  globe,  and  this  at  the  age  of  twenty-six  and 
twenty-seven  ;  manifestations  of  a  genius  which  astonished  as 
much  by  its  precocity  as  its  splendour,  and  whose  first  two 
efforts,  at  the  close  of  the  eighteenth  centm-y,  called  into  ex¬ 
istence  those  two  branches  of  natural  history  which  most  en¬ 
gage  the  attention  of  the  natm-alists  of  the  nineteenth,  viz. 
palceontology,  and  the  anatomy  of  the  invertebrate  animals  ;  so 
that  of  this  man  we  may  say  what  Fontenelle  remarked  of 
Newton,  “  Qu’il  n’a  pas  ete  donne  aux  hommes  de  voir  le  Nil 
faible  et  naissant.”  How  rapidly  these  great  works  raised 
Cuvier  to  the  most  honoimable  distinctions  of  science,  is  well 
known.  The  Academie,  the  Jardin  des  Plantes,  and  the  Col- 


*  See  Eloge  Historique  de  Georges  Cuvier :  Me'moircs  de  1’ Academie  des 
Sciences,  t.  xiv. 
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lege  de  France,  were  all  anxious  to  press  him  into  their  ser¬ 
vice  ;  and  he  on  his  part  no  sooner  found  himself  settled  in 
these  honourable  situations  than  he  lost  no  time  in  taking 
under  his  kind  protection  both  his  father  and  brother,  in 
other  words,  his  whole  family,  for  he  had  lost  his  mother  in 
the  year  1793. 

Gladly  accepting  the  kind  invitation  of  his  brother,  M.  F. 
Cuvier  came  to  Paris  towards  the  end  of  the  year  1797. 
Here  a  new  world  opened  to  his  view.  He  now  discovered 
how  much  time  he  had  lost,  and  undoubtedly  with  regret,  but 
without  discouragement.  He  immediately  attended  lectures 
upon  natural  philosophy,  chemistry,  and  natural  history  ;  and, 
in  the  year  1801,  co-operated  with  M.  Biot  in  researches  con¬ 
cerning  the  properties  of  the  voltaic  pile,  which  led  to  impor¬ 
tant  results.  In  the  year  1802,  he  undertook  the  principal 
management  of  the  Journal  de  la  Societe  dC encouragement  pour 
r  Industrie  Nationale. 

Influential  circumstances,  however,  as  I  have  already  hint¬ 
ed,  speedily  infused  a  new  and  more  permanent  energy  into 
his  plans.  For  it  was  impossible  to  live  with  Baron  Cuvier, 
constantly  and  familiarly,  in  fraternal  intimacy,  without  be¬ 
coming  a  naturalist ;  and  it  was  by  undertaking  a  work  for  his 
brother  that  M.  F.  Cuvier  made  his  first  essay  in  natural 
history.  The  museum  of  comparative  anatomy  which  had 
been  commenced  by  Bufibn  and  Daubenton,  was  at  the  time 
receiving  immense  accessions  under  the  fostering  care  of  M. 
Cuvier,  so  as  to  become,  in  fact,  a  new  creation  ;  for  this  the 
great  naturalist  required  a  catalogue,  and  for  its  preparation 
he  applied  to  MM.  F.  Cuvier  and  Duvemoy. 

M.  F.  Cuvier  undertook  the  description  of  the  skeletons ; 
and  this  was  the  origin  of  his  great  work  upon  Les  dents  des 
mammi/eres,  a  work  of  fundamental  importance  in  zoology.  It 
is,  in  truth,  a  most  complete  study  of  characters  derived  from 
the  teeth,  and  the  most  able  application  of  these  characters 
used  in  the  formation  of  genera.  By  this  skilful  application, 
M.  F.  Cuvier  produced  a  great  change  in  many  of  the  orders 
of  the  mammalia,  especially  in  the  carnassiers  and  rodents  ; 
and  those  changes  he  introduced  are  now  adopted  by  nearly 
all  zoologists. 
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But  a  labour  of  another  kind,  and,  unquestionably,  both  the 
most  important  and  original,  with  which  M.  F.  Cuvier  engaged, 
was  his  observations  upon  the  instinct  and  intelligence  of  ani¬ 
mals  ;  observations  which  interested  the  philosopher  not  less 
than  the  naturalist,  and  to  which  he  devoted  thirty  years  of  con¬ 
secutive  and  conscientious  study.  In  connection  with  this,  it 
should  be  remarked,  that,  in  the  year  1804,  M.  F.  Cuvier  was 
intrusted  with  the  immediate  direetion  of  the  Menagerie  of 
the  museum  of  natural  history  ;  and  no  situation  could  possi¬ 
bly  have  been  more  favourable  for  the  study  of  the  faculties 
and  the  actions  of  animals.  At  the  same  time,  no  naturalist 
could  have  done  more  for  this  subject  of  inquiry  than  did  M. 
F.  Cuvier. 

The  ancients  were  in  the  habit  of  forming  great  collections 
of  wild  beasts  ;  but  it  was  only  to  exhibit  them  in  the  public 
games.  When  the  menagerie  was  established  at  Versailles  a 
different  and  nobler  object  was- contemplated  ;  for  it  was  in¬ 
tended  that  the  animals  which  were  there  congregated  should 
subserve  the  purposes  of  science.  It  was  from  the  menagerie 
of  Versailles  that  Perrault  and  Duvcrnoy  derived  the  first 
materials  of  that  edifice  of  comparative  anatomy,  which,  begun 
twenty  centuries  before  by  Aristotle,  was  by  them  recom¬ 
menced  upon  a  new  foundation,  and  has  been  since  raised  to 
a  lofty  elevation  by  the  successive  labours  of  Daubenton,  Cam¬ 
per,  Vicq  d’Azyr,  and  George  Cuvier. 

In  the  year  1794,  when  the  menagerie  of  Versailles  was 
transported  to  Paris,  and  connected  with  the  Jardin  des 
Plantes,  it  became  still  more  useful.  At  that  time  three  cele¬ 
brated  naturalists,  George  Cuvier,  Lacepede,  and  M.  Geoffroy 
St  Hilaire,  combined  in  publishing,  under  the  title  of  Mena¬ 
gerie  du  Museum  National,  the  first  work  in  which  French 
naturalists  exhibited  their  zeal  to  maintain  in  natural  history 
the  admirable  method  of  Bufibn,  which,  till  then,  had  been 
imitated  only  by  a  single  foreign  naturalist,  namely,  the  ce¬ 
lebrated  Pallas.  Finally,  when  the  menagerie  of  Versailles, 
now  become  the  menagerie  of  the  museum,  was  intrusted  in 
the  year  1894  to  M.  F.  Cuvier,  he  speedily  elicited  from  it 
new  sources  of  usefulness.  First  of  all,  after  the  example  of 
the  three  naturalists  I  have  just  qamed,  he  continued  the  po- 
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sitive  history  of  species  ;  and  this  has  been  all  along  the  main 
object  of  his  great  work  Histoire  des  Mammifires,  a  work  in 
which  more  than  five  hundred  quadrupeds  are  represented 
and  described  with  a  minuteness  and  acciuracy  of  which  there 
is  not  perhaps  a  similar  example  in  the  records  of  zoology,  at 
least  in  a  work  reaching  to  the  same  extent. 

But  I  return  to  that  novel  species  of  useful  information 
which  M.  F.  Cuvier  perceived  might  be  derived  from  the 
menagerie  of  the  museum  of  natural  history  ;  I  allude  to  that 
study  of  the  faculties  and  actions  of  animals  which  was  begun 
by  Bulfon ;  was  prosecuted  by  George  Leroy,  the  ingenious 
author  of  the  Lettres  Philosophiques  sur  les  Animaux,  which 
were  first  published  under  the  name  of  A  natural  philosopher 
of  Nuremberg  ;  and  has  finally  reached  its  present  precision 
by  the  assiduous  labours  of  M.  F.  Cuvier. 

During  more  than  a  centm-y,  from  the  time  of  Descartes  to 
Buffon,*  the  question  of  the  intelligence  of  animals  had  been 
solely  a  question  of  pure  metaphysics.  It  was  with  Buffon  and 
George  Leroy  that  it  first  became  a  positive  inquiry  of  ex¬ 
perience,  and  throughout  it  has  so  continued  with  M.  F. 
Cuvier.  Instructed  by  his  former  labours,  and  by  his  talent  of 
observation,  M.  F.  Cuvier  devoted  himself  to  the  discovery  of 
facts.  He  desiderated,  however,  such  only  as  were  clear  and 
distinct,  and  those  which  were  separated  by  precise  limits. 
And  this,  in  fact,  supplies  us  with  the  most  characteristic  trait 
of  the  genius  which  directed  his  career, — he  sought  for  facts 
and  for  limits.  He  sought  for  the  limits  which  distinguished 
the  intelligence  of  different  species, — the  limits  which  separate 
instinct  from  intelligence, — and  the  limits  which  separate 
the  intelligence  of  man  from  that  of  the  brutes.  And  these 
three  limits  once  determined,  every  thing  in  this  long  agitated 
question  concerning  the  intelligence  of  animals  has  assumed 
a  new  aspect.  Descartes  and  BuflTon  would  not  concede  in-, 
telligence  of  any  kind  to  animals  ;  they  were  averse,  and  very 
properly,  to  assign  to  animals  the  intelligence  of  man,  and 
did  not  perceive  the  limit  which  separates  his  intelligence 


♦  That  is  to  say,  the  time  between  the  DUcours  sur  la  mtthode,  published 
in  1037,  and  the  Discours  sur  la  Nature  des  Aninuiux,  published  in  1753. 
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from  that  of  the  brute.  On  the  other  hand,  Condillac  and 
George  Leroy  conceded  to  animals  intellectual  processes  of 
the  highest  order;  these  concessions  they  grounded  upon 
certain  observed  actions,  which,  if  they  belonged  to  intelli¬ 
gence  at  all,  certainly  required  these  processes ;  and  they  did 
not,  any  more  than  the  others,  perceive  the  limit  which  sepa¬ 
rates  instinct  from  intelligence. 

The  first  result*  of  the  observations  of  M.  F.  Cuvier  de¬ 
termines  the  limits  of  intelligence  in  the  different  species  of 
animals.  Buffon  had  already  supplied  a  general  idea  of  a 
graduated  scale  of  the  internal  faculties  of  animals,  but  he  con¬ 
sidered  only  the  principal  divisions  of  the  animal  series.  M. 
F.  Cuvier  went  much  farther.  Even  in  the  class  of  mammals 
he  perceived  that  intelligence  rose  and  augmented  from  one 
order  to  another, — ^from  the  Rodents  to  the  Ruminants, — from 
the  Ruminants  to  the  Pachydermata,  and  from  these  last  to 
the  Carnassiers  and  the  Quadrumana.  Of  all  animals  the  one 
which  shews  the  most  intelligence  is  the  Orang-outang.  The 
one  studied  by  M.  F.  Cuvier  delighted  to  climb  trees  ;  and  if 
any  person  manifested  an  intention  to  mount  the  tree  he  had 
ascended  for  the  purpose  of  catching  him,  he  immediately  shook 
it  with  all  his  might  for  the  purpose  of  alarming  the  individual 
who  was  approaching  him.  Tf  he  were  shut  into  a  room,  he 
soon  opened  the  door  ;  and  if  he  could  not  reach  the  lock,  for 
he  was  quite  young,  he  stood  on  a  chair  for  the  purpose  of 
reaching  it.  Finally,  when  he  was  refused  any  thing  he  was 
anxious  to  obtain,  he  knocked  his  head  upon  the  ground,  and 
actually  injured  himself,  that  he  might  excite  the  greater  in¬ 
terest  and  compassion.  This  is  precisely  what  man  himself 
does  when  a  child  ;  it  is  what  no  other  animal  does  but  the 
Orang-outang ;  he  is  the  only  and  solitary  exception. 

But  we  have  to  add  something  still  more  remarkable.  It 
is  that  the  intelligence  of  the  orang-outang,  this  intelligence 
which  is  so  much  and  so  early  developed,  decreases  with  his 
age.  The  orang-outang,  when  young,  astonishes  us  by  his 

•  For  tho  development  of  these  results,  I  must  refer  to  my  Risumi  ana- 
hjtique  dcs  obsertations  de  M.  F.  Cuvier  sur  Vinslinct  et  I’ intelligence  des  animaux. 
(Journal  dcs  Savants.  Annec  1839).  I  can  here  do  little  more  than  enume- 
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penetration,  his  cunning,  his  address  ;  but  when  he  reaches  his 
adult  state,  he  is  nothing  else  but  an  animal,  gross,  brutal,  and 
untractable.  And  it  is  the  same  with  all  Monkeys  as  with  the 
orang-outang.  In  the  whole  of  them  intelligence  diminishes 
in  proportion  as  their  strength  increases.  An  animal,  con¬ 
sidered  then  as  a  perfectible  being,  has  a  limit  marked  not  only 
according  to  his  kind,  but  also  as  to  his  individuality.  The 
animal  of  the  greatest  intelligence  is  possessed  of  this  intel¬ 
ligence  only  in  its  younger  years. 

After  having  fixed  the  limits  which  distinguish  the  intelli¬ 
gence  of  the  difierent  species,  M.  F.  Cuvier  investigated  the 
limit  which  separates  instinct  from  intelligence :  and  it  was 
particularly  in  respect  to  the  beaver  that  he  prosecuted  his  ob¬ 
servations  on  this  point. 

The  beaver  is  a  mammal  of  the  order  Bodentia,  that  is 
to  say,  of  that  order  which,  as  we  have  seen,  has  the  smallest 
share  of  intelligence ;  but  he  has  a  wonderful  amount  of  in¬ 
stinct,  whereby  he  constructs  a  hut,  builds  it  in  water,  guards 
it  with  dykes,  and  supplies  it  with  causeways,  and  all  this  with 
an  industry  which  would  undoubtedly  lead  us  to  assign  a  very 
superior  degree  of  intelligence  to  this  animal,  if  that  industry 
depended  upon  intelligence.  The  important  matter  was  to 
prove  that  it  had  no  such  dependence,  and  this  M.  F.  Cuvier 
accomplished.  •  He  took  beavers  while  still  very  young,  and 
reared  them  far  from  their  parents,  where  of  course  they  could 
receive  no  instruction  from  them  ;  and  these  beavers,  thus  iso¬ 
lated  and  solitary,  confined  to  a  cage,  for  the  very  purpose 
that  they  might  have  no  occasion  to  build,  notwithstanding  did 
build,  impelled  by  a  mechanical  and  blind  force ;  in  a  word, 
by  a  pure  instinct. 

The  most  complete  opposition  distinguishes  instinct  from  in¬ 
telligence.  In  instinct  all  is  blind,  necessary,  unchanging ;  in 
intelligence  all  is  elective,  conditional,  and  modifiable.  The 
beaver  who  constructs  his  hut,  and  the  bird  which  makes  its 
nest,  act  solely  by  instinct.  The  horse  and  dog,  which  readily 
learn  the  meaning  of  many  of  our  words,  and  which  obey  us, 
do  so  in  virtue  of  intelligence.  Every  thing  in  instinct  is  in¬ 
nate  ;  the  beaver  constructs  without  having  been  taught : 
all  is  ordained;  the  beaver  builds  overpowered  by  a  force 
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which  is  constant  and  irresistihle.  Every  thing  in  intelligence 
results  from  experience  and  instruction  :  the  dog  obeys  only 
because  he  has  been  taught ;  and  all  is  free,  for  the  dog  obeys, 
because  he  so  wills  it.  Finally,  in  instinct  every  thing  is  par¬ 
ticular  :  the  industry  we  so  much  admire  in  the  beaver  while 
constructing  his  hut,  can  be  exercised  by  him  only  in  building 
his  hut :  whilst  in  intelligence  every  thing  is  general ;  for  this 
same  flexibility  of  attention  and  conception  which  the  dog  ex¬ 
ercises  in  obeying,  he  can  exercise  in  the  performance  of  any 
other  task. 

There  is  therefore  in  animals  two  distinct  and  primitive 
powers — instinct  and  intelligence.  So  long  as  these  two  powers 
continued  to  be  confounded,  every  thing  in  the  actions  of  ani¬ 
mals  was  obscure  and  contradictory.  Among  these  actions 
some  exhibited  man  as  in  every  respect  superior  to  the  brute, 
and  others  again  appeared  to  lead  to  the  very  opposite  conclu¬ 
sion.  This  was  a  contradiction  as  deplorable  as  it  was  absurd. 
By  the  distinction  which  separates  blind  and  necessary  actions 
from  those  which  are  elective  and  conditional,  or,  in  a  single 
word,  instinct  from  intelligence,  all  contradiction  ceases,  and 
order  takes  the  place  of  confusion  ;  whatever,  in  animals,  be¬ 
longs  to  intelligence,  in  no  respect  approximates  to  the  intelli¬ 
gence  of  man  ;  and  whatever  in  them,  passing  for  intelligence, 
appears  superior  to  that  of  man,  is  nothing  more  than  the  effect 
f  a  mechanical  and  blind  power. 

It  now  only  remains  to  flx  the  limit  which  separates  the  in¬ 
telligence  of  man  from  that  of  brutes.  Here  the  conceptions 
of  M.  F.  Cuvier  became  exalted,  and  withal  appear  to  be  no 
less  certain. 

Animals,  by  means  of  their  senses,  receive  impressions  similar 
to  those  which  we  receive  through  ours,  and,  like  us,  they  pre¬ 
serve  the  traces  of  these  impressions  ;  these  preserved  impres¬ 
sions  form  in  their  understanding,  as  in  ours,  numerous  and 
varied  associations  ;  they  combine  them,  they  draw  inferences 
from  them,  they  deduce  conclusions  from  them, — in  short  they 
have  intelligence.  But  this  is  the  limit  of  their  intelligence. 
The  intelligence  which  they  possess  does  not  ponder  concern¬ 
ing  itself,  nor  perceive,  nor  know  itself.  In  short,  they  are  des¬ 
titute  of  reflection,  that  supreme  faculty,  the  endowment  of  the 
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human  mind,  which  retires  within  itself,  and  studies  its  own 
w'orkings. 

Feflection,  then,  thus  defined,  is  the  limit  which  separates 
the  intelligence  of  man  from  that  of  animals.  And  all  must  in 
truth  agree  that  here,  in  fact,  is  the  line  of  a  very  distinct 
demarcation.  This  thought  which  reflects  upon  itself, — this 
intelligence  which  perceives  its  own  existence,  and  makes 
itself  the  subject  of  study, — this  knowledge  which  knows  it¬ 
self,  these,  one  and  all,  evidently  form  an  order  of  determinate 
phenomena  of  a  distinct  nature,  and  to  which  no  animal  can 
attain.  Here  we  find,  so  to  speak,  a  world  which  is  purely 
intellectual,  and  this  world  belongs  to  man  alone.  In  a  word, 
animals  feel,  know,  think  ;  and  to  man  alone,  of  all  terrestrial 
beings,  has  it  been  given  to  feel  that  he  feels,  to  know  that  he 
knows,  and  to  think  that  he  thinks. 

Being  able  on  this  occasion  to  dwell  only  upon  the  principal 
results  which  follow’  from  the  observations  of  M.  F.  Cuvier,  I 
hasten  to  the  most  novel  and  important  facts,  and  these  I  can 
introduce  only  in  a  manner  the  most  rapid  and  succinct.  The 
influence  of  the  senses  upon  the  intelligence  has  been  very 
much  exaggerated.  Helvetius  went  the  length  of  saying  that 
man  owes  his  superiority  over  the  brutes  only  to  his  hands. 
M.  F.  Cuvier  demonstrates,  from  the  example  of  the  seal,  that, 
even  among  animals,  it  is  not  the  external  senses,  but  an  organ 
much  more  profound  and  internal,  in  fact  the  brain,  on  which 
the  development  of  intelligence  is  dependent.  The  senses  of 
the  seal  (sight,  taste,  smell,  hearing)  are  all  very  imperfect ; 
instead  of  hands  it  has  but  fins,  and  notwithstanding,  in  com¬ 
parison  with  the  other  mammalia,  it  is  largely  endowed  with 
intelligence. 

It  is  well  known  how  much  Buffbn  has  declaimed  about  the 
magnanimity  of  the  lion,  on  his  pride  and  courage,  and  upon 
the  violence  of  the  tiger,  his  insatiable  cruelty,  and  his  blind 
ferocity.  But  in  spite  of  all  that  Buffon  has  said,  M.  F.  Cuvier 
has  always  observed  the  same  chai'acter  in  these  two  animals ; 
that  both  are  alike  susceptible  of  affection  and  gratitude,  and 
alike  terrible  in  their  rage.  Helvetius,  a  philosopher,  sought 
for  a  principle,  and  he  announced  one,  which  was  the  result  of 
a  forced  generalization.  Buffbn,  an  author,  describes  in  ani- 
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mals  all  the  phases  of  the  passions  of  man.  The  simple  obser¬ 
vation  of  M.  F.  Cuvier  has  supplied  us  with  the  fact  such 
as  it  really  is,  and  has  placed  it  on  the  only  solid  basis  of 
science. 

All  naturalists,  the  predecessors  of  M.  F.  Cuvier,  had  recog¬ 
nised,  in  the  domestication  of  animals,  nothing  more  than  a  very 
general  result  of  that  power  which  man  exercises  over  the 
beasts.  But  he  has  shewn  that  the  domestication  of  animals, 
that  fact  so  exceedingly  important  in  the  history  of  our  race, 
is  dependent  on  a  very  peculiar  circumstance,  viz.  on  their 
sociabilitg.  There  has  not,  in  fact,  a  single  species  become 
domestic  w'hich,  naturally,  does  not  live  in  society,  and  in 
troops  ;  and,  of  the  numerous  solitary  species  which  it  w'ould 
unquestionably  be  man’s  interest  to  associate  with  himself,  there 
is  not  a  single  one  which  has  been  domesticated.  Man,  there¬ 
fore,  in  forcing  animals  to  obey  him,  does  not  change  their 
natural  condition,  as  Buffon  has  affirmed  ;  on  the  contrary,  all 
that  he  does  is  to  avail  himself  of  their  natural  character.  In 
other  words,  man  found  animals  sociable,  and  he  made  them 
domestic. 

And  even  here  I  must  take  the  liberty  of  pointing  out  a  trait 
which  characterizes  far  better  than  any  words  I  can  use,  the 
kind  of  sagacity  which  was  peculiar  to  M.  F.  Cuvier,  and  which 
was  so  useful  to  him  in  the  delicate  analysis  of  the  complicated 
phenomena  which  were  the  subject  of  his  studies.  I  allude  to 
the  distinction  which  he  established,  a  distinction  at  once  so 
true  and  so  profound,  between  a  domesticated  animal  and  a  tame 
one.  Man  may  tame  species  even  the  most  solitary  and  the 
most  savage.  Thus  he  tames  the  bear,  the  lion,  the  tiger,  and, 
notwithstanding  this,  not  one  of  these  solitary  species  has  ever 
been  found  to  supply  a  domesticated  race.  The  domestication, 
therefore,  of  an  animal,  is  simply  a  consequence  o^  its  very 
nature,  and  of  that  which  is  most  inherent  in  its  nature — its 
instinct. 

From  all  this  it  may  readily  be  conceived,  and  that  without 
prompting,  how  much  these  enlightened  views  of  the  primary 
causes  of  the  domestication  of  animals  have  a  bearing  on  mat¬ 
ters  of  practical  utility,  and  especially  if  applied  to  agriculture 
and  domestic  economy.  M.  F.  Cuvier  believed  that  many 
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new  species  might  readily  be  added  to  the  domestic  races  we 
now  possess ;  and  more  especially  the  Hottentot  Dauw  and 
the  Dzigguetai  among  the  Solipedes,  the  Tapir  among  the 
Pachydermata,  and  the  Lama  Vigogne  among  the  Ruminants. 

I  only  throw  out  these  hints  to  men  so  enlightened  as  those  I 
now  address,  who  are  alive  to  the  public  welfare,  who  feel 
that  agriculture  has  been  too  much  neglected  among  us,  and 
who  are  beginning  to  perceive  that  one  of  our  most  urgent 
agricultural  wants,  if  not  the  first  of  all,  is  to  have  stronger 
and  more  varied  domestic  races  amongst  us. 

M.  F.  Cuvier  had  been  appointed  in  the  year  1810  to  the 
office  of  Inspector  of  the  Academy  of  Paris,  and  in  1831  he 
became  Inspector-General  of  the  University.  In  the  dis¬ 
charge  of  this  office  he  carried  along  with  him  the  same  in¬ 
tegrity  of  an  honourable  man,  the  same  comprehensive  views, 
and  the  same  habits  of  practical  reflection,  of  which  he  has 
left  an  admirable  proof  in  his  elegant  work  concerning  “  The 
T caching  of  Natural  History  in  our  Colleges” — D Enseignement 
dc  VHistoire  Naturelle  dans  nos  Colleges. 

Rollin,  that  able  man  who  had  meditated  so  much  upon 
the  instruction  of  youth,  and  whose  memory  cannot  be  too 
fondly  cherished,  proposed,  as  early  as  the  commencement  of 
the  last  century,  to  introduce  Natural  History  into  the  curri¬ 
culum  of  our  colleges.  He  wished  to  engage  children  in  the 
study  of  those  phenomena  “  about  which,”  he  remarked,  “  their 
astonishment  will  be  excited  in  the  same  proportion  as  their 
understandings  are  enlightened.”  Soon  after  the  work  of 
Pluche  appeared.  This  was  the  first  fruit  of  Rollin’s  thoughts, 
and  perhaps  the  only  result ;  for,  before  we  can  see  natural 
history  pervade  public  instruction,  at  least  in  a  way  that  ■will 
be  at  all  general,  central  schools  must  first  be  established. 
At  present,  however,  the  natural  history  which  is  introduced 
into  our  schools,  is  natural  history  with  whatsoever  it  con¬ 
tains  of  the  great  and  the  difficult ;  it  is  natural  history  with 
its  learned  nomenclatures,  and  its  abstract  methodical  clas¬ 
sifications.  But,  as  M.  F.  Cuvier  has  well  remarked,  first 
of  all,  our  present  colleges,  even  in  their  highest  classes, 
do  not  at  all  correspond  to  the  central  schools,  and  then, 
this  teaching  according  to  the  scientific  method,  which  is 
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so  useful  for  advanced  classes,  is  evidently  but  little  suit¬ 
able  to  the  inferior  ones.  It  is  necessary,  therefore,  after 
more  than  a  century  of  gropings  and  experiments,  to  return 
to  the  suggestion  of  Rollin,  who  wished  to  have  tivo  Natural 
histories,  one  for  the  upper  classes,  and  another  for  the  lower. 
In  a  word,  we  require  to  proportion  the  studies  to  the  ages  of 
the  learners.  But  the  art  of  proportioning  is  that  of  gradu¬ 
ating  and  subordinating  ;  and  this  graduation  and  subordina¬ 
tion  of  studies  is  perhaps  all  that  is  at  present  necessary  as  it 
respects  the  teaching  of  the  natural  sciences,  and  the  only 
means,  at  all  events,  by  which  we  can  banish  those  two  vices 
inseparable  from  every  system  which  is  not  accurately  ar¬ 
ranged,  I  mean  many  repetitions  and  many  voids. 

I  hav'e  thus  traced  the  labours  of  M.  F.  Cuvier,  and  these 
labours  have  made  us  acquainted  with  his  whole  life.  Never, 
in  fact,  could  it  be  said  with  greater  truth  of  any  one,  that 
the  life  of  a  scientific  man  consists  of  his  reflections  and  his 
works.  Appointed  in  1804  the  Keei)er  of  the  Menagerie  of 
the  Museum,  he  spent  thirty-four  years  in  this  peaceable  re¬ 
treat,  where  he  found  those  two  circumstances  without  which 
there  is  no  profound  labour — time  and  meditation.  It  was, 
here  that  he  prepared,  without  noise  or  parade,  but  also  with¬ 
out  distraction  or  relaxation,  the  basis  of  that  study  of  the 
faculties  and  actions  of  animals  which,  previous  to  his  time, 
w'as  scarcely  regarded  as  a  portion  of  natural  history,  and  out 
of  which  he  has  formed  a  distinct  and  profound  science,  a 
science  w'hich,  subjecting  to  experiment  questions  which  had 
hitherto  been  reputed  purely  philosophical,  has  really  extended 
the  domains  of  observation. 

M.  F.  Cuvier  exhibited  in  society  an  easy  temper,  great  tact 
in  the  intercourse  of  life,  a  rare  kindness,  and  a  benevolence 
which  seemed  to  flow  from  sympathy,  and  Avhich  inspired  it. 
His  disposition,  at  once  gentle  and  energetic,  his  elevated 
character,  and  his  upright  heart,  have  left  indelible  recollec¬ 
tions  in  all  those  who  were  acquainted  with  him.  His  friends, 
whom  I  regret  I  cannot  mention  here,  mourn  for  him  now  as 
acutely  as  the  day  when  they  lost  him.  His  modesty  espe¬ 
cially  had  a  peculiar  charm.  It  was  so  natural  that  it  ap¬ 
peared  as  if  his  merit  was  unknown  to  himself.  It  w  ill  readily 
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be  credited,  that  he  never  thoujjlit  of  his  own  glory,  hut  was 
enthusiastic  for  his  brother’s.  It  was  for  this  brother  that  he 
lived,  and  for  him  he  became  a  naturalist.  It  was  an  inte¬ 
resting  spectacle,  and  never  failed  to  inspire  general  respect ; 
on  his  part  it  was  so  complete  and  devoted,  that  of  all  the  re¬ 
collections  which  the  name  of  M.  F.  Cuvier  awakens,  it  is  still 
perhaps  the  most  prominent, 

F.  Cuvier  was  appointed,  on  the  24th  of  December  1837, 
Professor  of  the  Museum  of  Natural  History,  The  Chair  to 
which  he  was  called  had  just  been  instituted,  and  it  was  in¬ 
stituted  for  him.  M.  de  Salvandy,  at  that  time  Minister  of 
Public  Instruction,  thus  nobly  repaid,  by  a  useful  appointment, 
the  debt  which  the  Museum  and  Science  had  incurred. 

Hut  it  was  also  at  that  very  moment,  at  the  time  that  he 
was  finally  about  to  engage  in  that  duty  which  had  always 
been  the  most  cherished  of  his  heart,  viz.  to  teach  the  science 
which  he  had  founded,  and  to  which  he  had  devoted  his  life, 
that  he  was  attacked  with  that  frightful  malady  by  which  he 
was  cut  off.  He  died  at  Strasburg  on  the  24th  of  July  1838. 
He  was  engaged,  with  his  accustomed  zeal,  in  the  inspection 
of  the  colleges  of  that  city,  when,  on  the  evening  of  the  19th, 
he  felt  the  first  stroke  of  that  dreadful  malady,  which,  four 
days  afterwards,  closed  his  eyes  on  all  below. 

It  has  been  remarked,  that  there  was  a  striking  analogy  be¬ 
tween  his  malady  and  that  of  his  illustrious  brother.  These 
two  men,  who  had  been  so  closely  united,  and  so  seldom  se¬ 
parated,  died  at  the  same  age,  of  the  same  disease,  and  with 
the  same  serenity  of  mind  and  intrepidity  of  soul.  It  was  thus 
that  M.  F.  Cuvier  carefully  marked,  as  his  brother  had  done, 
the  successive  steps  of  his  malady  ;  he  foresaw  and  announced 
them  ;  he  preserved  in  the  solemn  act  of  dying  all  his  pene¬ 
tration  as  an  observer,  and  all  his  fortitude  as  a  man. 

His  son  quitted  Paris  on  the  first  intimation  of  his  malady, 
but  on  his  arrival  at  Strasburg,  M.  F.  Cuvier  had  expired. 
He  died  in  the  arn»s  of  M.  Dutrey,  his  fellow-traveller  and 
colleague  as  Inspector,  and  of  M.  Duvernoy,  his  friend  through¬ 
out  life. 

His  hist  words  were  these, — “  Let  my  son  inscribe  upon 
my  tomb,  —  Frederic  Cuvier,  brother  of  George  Cuvier.^'' 
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Thus  he  expressed  his  two  most  cherished  affections,  and  in 
his  last  words  associated  the  two  most  powerful  sentiments  of 
his  soul, — his  tenderness  for  his  son, — his  admiration  for  his 
brother. 


Farther  lieasons  against  the  Chemical  Theory  of  Volcanos. 
By  Professor  Gustav  Bischof  of  Bonn.  Communicated 
by  the  Author. 

Professor  Daubeny*  has  replied  to  my  objections  to  the 
chemical  theory  of  volcanos,  with  that  fairness  which  might 
be  expected  from  a  scientific  man,  who  only  looks  to  the  topic 
of  the  discussion,  not  to  the  opponent.  Venturing  to  con¬ 
tinue  the  discussion  on  this  subject  a  little  farther,  T  by  no 
means  wish  to  forget  the  merits  of  a  naturalist,  who  has  dis¬ 
tinguished  himself  so  much  by  his  description  of  active  and 
extinct  volcanos,  and  by  a  variety  of  valuable  memoirs  on 
similar  subjects.  I  feel  happy  to  meet  with  such  a  man  in 
the  very  same  field  of  science,  and  I  hope  that  the  differences 
in  our  opinions  will  become  less  considerable,  the  more  they 
are  explained. 

The  chief  question  is,  whether  the  internal  heat  of  our 
globe  is  sufficient  to  account  for  volcanic  phenomena?  or, 
whether  the  supposition  of  intense  chemical  actions  explains 
them  in  a  more  satisfactory  manner  ?  As  for  the  internal 
heat  of  the  earth,  I  am  of  opinion  that  it  may  not  be  con¬ 
sidered  as  an  hypothesis,  but  as  a  fact  well  grounded  on  nu¬ 
merous  phenomena.  Granting  this,  it  must  be  imagined  that 
the  rocks  of  the  earth  are,  at  a  certain  depth,  in  a  liquid  ig¬ 
nited  state.  Indeed,  it  is  well  known  that,  by  volcanic  action, 
melted  masses  (lava)  arise  from  the  interior,  and  that,  on 
slowly  cooling,  they  produce  rocks  such  as  basalt,  trachyte,  &c., 
forming  a  considerable  part  of  the  external  crust  of  the  sur¬ 
face  of  the  earth.  The  chief  explanation  of  volcanic  pheno¬ 
mena  depends,  therefore,  according  to  the  theory  alluded  to, 
upon  demonstrating  the  means  which  nature  makes  use  of  to 
bring  such  melted  masses  to  the  surface  of  the  earth.  In  my 
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former  publications  in  this  Journal  concerning  the  natural 
history  of  volcanos  and  earthquakes,  I  flatter  myself  that  I 
have  shewn,  as  far  as  it  is  possible  to  elucidate  a  subject  which 
is  beyond  the  limits  of  direct  observation,  and  which  can  for 
the  most  part  only  be  mentally  appreciated,  that  watery  va¬ 
pours  may  be  supposed  to  be  the  means  by  which  nature  is 
able  to  carry  melted  masses  from  the  greatest  depths  to  the 
surface  of  the  earth.  Any  hypothesis  endeavouring  to  explain 
the  volcanic  action,  must  embrace  watery  vapours  or  other 
elastic  fluids,  in  order  to  account  for  the  rising  up  of  lava. 
The  theory  in  question,  consequently,  reduces  the  explanation 
of  the  phenomena  presented  to  the  most  simple  point. 

Let  us  now  consider,  somewhat  minutely,  the  theory  which 
ascribes  volcanic  actions  to  chemical  processes  taking  place 
between  bodies  having  a  powerful  affinity  for  each  other,  and 
by  which  so  considerable  a  heat  is  produced  as  to  melt  lava. 
First,  the  advocates  of  this  hj’pothesis  must  be  asked,  whether 
they  are  inclined  to  deny  a  high  internal  heat  of  the  globe  in¬ 
creasing  with  the  depth  to  the  point  of  melted  lava,  or 
whether  they  suppose  chemical  changes  supported  by  this  in¬ 
tense  temperature  ?  Admitting  for  an  instant  the  former  case, 
all  the  heat  required  to  melt  lavas  must  be  produced  by  these 
actions.  Professor  Daubeny  seems  to  be  inclined  to  suppose 
this ;  for,  to  my  objections  that  these  metals  are  not  sufficient¬ 
ly  oxidizable  to  kindle  on  the  access  of  water,  he  replies,  that 
silicon  is  combustible  when  united  either  with  a  little  hydro¬ 
gen  or  with  alkaline  carbonates,  and  that  calcium  and  mag¬ 
nesium  appear  to  be  still  more  inflammable.  The  Professor 
seems,  therefore,  not  to  consider  the  internal  heat  as  a  co¬ 
operative  power,  but  to  think  it  possible  that  the  metals,  even 
at  a  common  temperature,  generate  heat  enough,  by  combin¬ 
ing  with  oxygen,  to  melt  the  produced  earths. 

It  is  scarcely  possible  to  confirm  or  to  refute  this  assertion 
in  an  experimental  way.  Indeed,  the  combustion  of  a  mix¬ 
ture  of  the  earthy  and  alkaline  metals,  in  such  proportions  as 
are  contained  in  lava,  would  give  a  satisfactory  conclusion  only 
by  applying  these  metals  in  such  large  quantities,  that  the 
heat  absorbed  by  surrounding  bodies  should  be  insignificant  in 
proportion  to  that  which  is  generated.  Supposing,  on  the 
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other  hand,  that  the  advocates  of  the  hypothesis  presented, 
allow  the  existence  of  a  central  heat  supporting  chemical  ac¬ 
tions,  it  would  not  be  difficult  to  conceive  the  melting  of 
lavas. 

I  shall  not  pass  from  this  subject  without  adding,  that  this 
hypothesis  does  not  necessarily  require  ihe  volcanic  actions 
at  very  considerable  depths  below  the  surface  of  the  earth, 
but  merely  where  the  earthy  and  alkalme  metals  were  pre¬ 
sent.  This  circumstance  may  perhaps  be  viewed  as  more  fa¬ 
vourable  to  the  hypothesis  in  question  than  to  the  other,  which 
assumes  a  central  heat,  and  consequently  considerable  depths, 
for  volcanic  actions.  But  are  there  grounds  for  supposing  that 
the  place  where  these  actions  are  developed  is  near  the  sur¬ 
face  of  the  earth  ?  On  the  contrary,  all  volcanic  phenomena, 
both  the  erujjtions  themselves  and  earthquakes,  afford  de¬ 
cided  proofs  that  volcanic  actions  are  peculiar  to  a  spot  very 
deep  below  the  surface.  As  to  this  subject  I  refer  to  my  for¬ 
mer  publications. 

The  theory  of  Professor  Daubeny  supposes  the  existence, 
near  and  about  the  focus  of  a  volcano,  of  vast  caverns,  caused 
originally  by  tbe  heaving  up  of  the  softened  rocks,  owing  to 
the  elastic  vapours  disengaged,  and  conse(iuently  filled  in  the 
first  instance  by  these  matters.  Granting  the  passages  be¬ 
tween  these  caverns  and  the  external  atmosphere  not  to  be 
hermetically  sealed  during  the  state  of  rest  of  the  volcano, 
air  must  enter  into  them.  But  it  is  obvious  that,  on  the  be¬ 
ginning  of  the  volcanic  action,  particularly  on  the  heaving  up 
of  the  lava,  those  passages  must  be  completely  interrupted ; 
therefore,  only  that  air  which  formerly  entered  the  cavities 
can  act  on  the  earthy  and  alkaline  metals  supposed  to  be  in 
tbeir  vacuity.  This  effect  will  consequently  be  limited,  and 
finished  as  soon  as  the  oxygen  of  this  air  is  consumed.  In 
order  to  gain  a  distinct  notion  of  the  quantity  of  air  requisite 
to  produce  a  certain  quantity  of  lava  by  oxidation  of  tbe  eartby 
and  alkaline  metals,  let  us  make  the  following  calculation  : 
Let  us  take,  like  Professor  Daubeny,  for  instance,  the  analysis 
of  the  lava  from  Etna  given  by  Dr  Kennedy.  According  to 
the  calculation  given  by  the  former,  58  parts  of  the  metallic 
bases  of  this  lava  recjuire  42  pai-ts  of  oxygen  to  give  100  parts 
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of  lava.  100  parts  of  atmospheric  air,  containing  23.32  parts 
of  oxygen  by  weight,  100  parts  of  lava  will  require  180  parts 
of  air  by  weight  to  be  produced.  Lava  being  3.2  times  heavier 
than  water,  and  water  being  770  times  heavier  than  atmo¬ 
spheric  air,  lava  is  consequently  2464  times  heavier  than  the 
latter.  Therefore,  the  production  of  1  volume  of  lava  will 
require  4435  volumes  of  air.  In  my  former  papers,  I  have 
mentioned  that  the  violent  eruption  in  the  low  country  of 
Skaptar  Jokul  in  Iceland,  in  1783,  brought  up  a  mass  of  lava 
so  considerable  as  to  surpass  in  magnitude  the  bulk  of  Mont 
Blanc.  According  to  that  calculation,  such  a  mass,  if  consti¬ 
tuted  like  the  lava  examined  by  Dr  Kennedy,  would  have 
required  a  quantity  of  atmospheric  air  equal  to  the  bulk  of 
4435  times  the  sizo  of  Mont  Blanc,  had  that  lava  been  ge¬ 
nerated  by  oxidation  of  the  metals  contained  in  it.  Thus 
a  bulk  of  nitrogen  gas  of  3503  times  as  great  as  that  of  the 
mountain  mentioned,  must  have  been  evolved  during  the  for¬ 
mation  of  that  mass  of  lava. 

It  is  beyond  all  probability  to  suppose  caverns  of  such  an 
enormous  extent  in  the  interior  of  the  earth  for  containing 
such  huge  quantities  of  atmospheric  air.  Therefore,  the  ad¬ 
vocates  of  the  chemical  theory  will  be  obliged  to  assume  very 
long  periods  for  the  formation  of  such  masses  of  lava,  during 
which  the  passages  between  the  internal  caverns  and  the  ex¬ 
ternal  atmosphere  must  have  been  always  open.  Thus,  they 
must  suppose  that  atmospheric  air  must  enter  these  caverns 
and  quit  them,  after  having  been  deprived  of  its  oxygen,  and 
that  this  entrance  and  exit  of  air  took  place  unceasingly 
during  the  whole  time  of  these  actions.  But  it  is  obvious 
that  these  streams  of  air  must  be  supposed  to  exist  in  such 
proportions  as  to  support  these  actions,  as  soon  as  melted 
masses  require  to  be  kept  in  the  liquid  ignited  state.  There 
can,  therefore,  be  no  question  that  very  considerable  quantities 
of  nitrogen  gas  ought  to  appear  in  the  neighbourhood  of  such 
subterraneous  actions  on  the  surface  of  the  earth.  Are  we 
to  suppose  that  the  scanty  exhalations  of  nitrogen  gas  from 
thermal  springs  connected  with  volcanos  proceed  from  such 
actions  1  Such  exhalations  are  quite  insignificant  when  com¬ 
pared  with  the  formation  of  the  masses  of  lava  alluded  to. 
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Professor  Daubeny,  however,  remarks,  that  the  nitrogen 
proceeding  from  these  actions  may  reach  the  air  not  only  in 
a  separate  condition,  but  also  united  with  hydrogen  in  the  form 
of  ammonia.  Tt  is  true,  ammonia,  especially  sal-ammoniac, 
occurs  among  volcanic  matters  in  craters  or  fumaroles,  but,  in 
general,  in  such  small  quantities  as  not  to  be  sufficient  to  ac¬ 
count  for  the  huge  quantities  of  nitrogen  supposed  to  be  sepa¬ 
rated  according  to  the  chemical  theory.  But,  even  granting 
all  the  nitrogen  separated  from  atmospheric  air  to  be  united 
with  hydrogen  oecurring  in  the  focus  of  a  volcano,  chemists 
ought  to  ask,  if  a  union  of  these  gases  can  be  supposed  possi¬ 
ble  in  the  direct  way  ?  It  is  well  known  that  chemists  have 
hitherto  been  unable  to  unite  directly  these  gases,  even  by 
letting  down  a  mechanical  mixture  of  nitrogen  and  hydrogen 
gas  under  the  sea,  to  a  depth  of  540  metres,  ■where  the  pres¬ 
sure  is  equal  to  50  atmospheres.  It  cannot  be  doubted  that 
the  same  laws  of  combination  which  take  place  in  our  labora¬ 
tories  also  prevail  in  volcanos.  But  it  may  be  replied  that, 
for  effecting  combinations  in  the  focus  of  a  volcano,  there  are 
two  powerful  agents,  not  presented  together  in  our  labora¬ 
tories,  at  least  not  in  such  a  strong  degree,  viz.,  an  enormous 
pressure,  and  heat.  The  former  of  them  seems  not  to  favour 
the  combination  of  nitrogen  with  hydrogen,  as  we  have  above 
seen ;  and  as  for  the  latter,  it  is  well  known  that  ammonia  is 
resolved  into  its  elements  by  heat.  Therefore,  it  is  scarcely 
probable  that  an  enormous  compression  in  the  focus  of  a  vol¬ 
cano,  assisted  by  a  considerable  heat,  can  effect  a  chemical 
combination  between  nitrogen  and  hydrogen. 

However,  the  defenders  of  the  chemical  theory  of  volcanos 
will  adduce  the  known  fact  that  a  mechanical  mixture  of  hy¬ 
drogen  in  excess,  of  oxygen,  and  of  nitrogen,  when  ignited, 
produces  ammonia,  or  rather  nitrate  Of  ammonia,  and  that,  ac¬ 
cording  to  their  theory,  these  substances  ought  to  be  present 
in  the  focus  of  a  volcano.  Supposing,  for  a  moment,  the  for¬ 
mation  of  this  salt,  it  is  obvious  that  it  would  instantly  be  de¬ 
composed  by  heat  into  w'ater  and  the  protoxide  of  nitrogen. 
But,  they  will  ask,  how  can  you  explain  the  occiu’rence  of  sal- 
ammoniac  among  the  products  of  volcanic  action,  unless  by 
the  combination  of  the  nitrogen  with  hydrogen  ?  In  reply- 
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ing  to  this  question  it  must  be  considered  that  many  volcanos, 
like  Vesuvius,  are  met  with  in  sedimentary  rocks  containing 
organic  matters,  and  that  by  their  being  heated,  sal-ammoniac 
is  formed.  Therefore,  the  small  quantities  of  this  salt  met 
with  in  craters  or  fumaroles  may  be  sufficiently  explained  by 
supposing  that  rocks  containing  organic  remains  reach  the 
focus  of  a  volcano.  In  support  of  this  I  allude  to  the  known 
facts,  that  among  the  masses  thrown  out  of  Vesuvius,  there  are 
not  seldom  large  masses  of  limestone,  which  have  likely  occa¬ 
sioned  the  formation  of  sal-ammoniac,  and  that,  during  vol¬ 
canic  eruptions,  bituminous  odours  are  frequently  perceived  in 
the  vicinity  of  the  crater.  Therefore,  the  salt  just  mentioned 
is,  I  think,  formed  in  the  same  way  in  volcanos  as  in  coal- 
strata  which  have  been  in  a  state  of  ignition  for  a  long  time. 
Thus,  near  Dutltveiler,  in  the  neighbourhood  of  Saarbriicken, 

I  have  found  this  salt  in  clefts  proceeding  from  coal-strata 
which  have  been  burning  about  145  years. 

Ill  general,  I  by  no  means  doubt  that  powerful  chemical 
actions  must  take  place  in  the  focus  of  a  volcano,  in  a  spot 
where  the  strongest  agents,  such  as  an  enormous  compres¬ 
sion  and  heat,  are  in  operation.  It  is  beyond  a  doubt  that, 
under  such  circumstances,  by  the  action  of  different  substances 
on  each  other,  proceeding  both  from  the  focus  and  from  sedi¬ 
mentary  rocks,  chemical  actions  of  the  most  different  kinds 
must  be  supposed.  Therefore,  each  theory  ought  to  imagine 
chemical  changes  in  the  focus  of  a  volcano ;  but  the  dispute 
lies  between  the  two  suppositions,  whether  these  changes  are 
a  consequence  of  the  effects  generated  by  the  internal  heat  of 
the  earth,  or  whether  they  cause  them.  It  is  only  the  latter 
supposition  I  contest,  from  considering  the  lava  as  a  mass  al¬ 
ready  formed  in  the  interior  of  the  earth.  The  theory  sug¬ 
gested  by  myself  and  by  many  naturalists,  has  only  to  explain 
the  rising  of  the  lava  from  beneath  ;  this  is  the  chief  question. 
On  the  contrary,  all  chemical  actions  taking  place  at  the  con¬ 
tact  of  lava  with  vapours,  sedimentary  rocks,  &c.,  are  con¬ 
sidered  by  this  theory  only  as  accidental  effects,  affording  cer¬ 
tainly  the  most  diversitied  phenomena,  but  Avithout  influencing 
in  an  essential  manner  the  volcanic  actions  themselves.  All 
imaginable  chemical  changes  must  ensue  as  soon  as  organic 
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remains  in  sedimentary  rocks  come  in  contact  with  the  liquid 
ignited  matters  in  the  focus  of  a  volcano. 

Passing  from  this  matter,  I  shall  turn  to  the  supposition  of 
an  oxidation  of  the  earthy  and  alkaline  metals  at  the  expense 
of  water.  Professor  Daubeny  alleges  to  my  objections  con¬ 
cerning  the  disengagements  of  enormous  quantities  of  hydro¬ 
gen  in  such  a  case,  that  this  gas  could  hardly  be  expected  to 
escape  in  a  free  state  from  a  spot  which  contains  so  many 
elements,  for  which  it  possesses  a  strong  affinity,  and  to  which 
it  would  be  presented  under  the  influence  of  the  pressure  and 
temperature  so  well  calculated  to  promote  its  combination 
with  them. 

Venturing  to  offer  some  remarks  against  these  consequences, 

I  shall  first  endeavour  to  calculate  what  quantities  of  hydrogen 
ought  to  be  separated,  on  the  supposition  that  a  certain  quan¬ 
tity  of  lava  would  be  generated  by  oxidation  of  their  metallic 
principles,  at  the  expense  of  water.  I  shall  then  examine  into 
the  possible  combinations  which  hydrogen  may  be  assumed  to 
present  in  the  focus  of  a  volcano. 

As  for  the  calculation,  I  shall  found  it  on  that  given  by 
Daubeny,  above  quoted.  100  parts  of  lava  contain  42  parts  of 
oxygen,  and  these  are  contained  in  47.6  parts  of  water.  We 
may  consequently  suppose  that  lava,  when  formed  by  the  oxi¬ 
dation  of  its  metallic  principles  at  the  expense  of  water,  re¬ 
quires  about  50  per  cent,  of  it.  Lava  being  3.2  times  heavier 
than  water,  1  volume  of  the  former  will  require  about  1.5  vo¬ 
lumes  of  the  latter  to  be  produced.  The  lava  ejected  from 
the  Skoptar  Jokul  would,  of  course,  have  required  a  bulk  of 
water  1.5  times  as  much  as  that  of  Mont  Blanc. 

I  feel  disposed  to  believe  that  the  explanation,  as  to  how 
such  considerable  masses  of  water  may  gain  admittance  to  the 
focus  of  a  volcano,  is  less  difficult  than  the  supposition  that 
there  are  substances  in  sufficient  quantity  for  uniting  with  so 
great  an  amount  of  hydrogen  as  would  be  separated  by  the 
decomposition  of  that  water. 

Professor  Daubeny  mentions  the  sulphur  and  chlorine  we 
know  to  be  generally  present  in  volcanos.  As  6.188  parts  of 
hydrogen  unite  with  93.812  parts  of  sulphur  to  produce  100 
parts  of  sulphuretted  hydrogen,  5.6  paits  of  hydrogen  separated 
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from  47.6  parts  of  water  requisite  for  the  oxidation  of  the 
metallic  bases  in  100  parts  of  lava,  would  suppose  the  presence 
of  about  84  parts  of  sulphur.  In  fact,  were  lava  to  be  formed 
in  this  way,  and  were  the  hydrogen  separated  to  be  united  with 
sulphur,  the  quantity  of  the  latter  ought  to  he  84  per  cent,  of 
that  of  the  lava  generated.  Applying  this  result  for  calculat¬ 
ing  the  bulk  of  sulphur  requisite  for  producing  the  lava  ejected 
from  Skaptar  Jokul,  we  find  this  bulk  about  1.4  times  as  much 
as  that  of  Mont  Blanc,  for  the  specific  gravity  of  sulphur  is 
1.99,  and  that  of  lava  3.2.  Indeed,  such  a  considerable  quan¬ 
tity  of  sulphur  can  scarcely  be  assumed  in  the  focus  of  a  vol¬ 
cano.  Hut  even  let  us  suppose  it,  on  the  other  hand  it  must 
be  asked,  how  comes  it  that  the  earthy  and  alkaline  metals, 
having  a  strong  affinity  to  sulphur,  are  not  rather  united  with 
this  substance  ?  Though  these  combinations  do  not  take  place 
at  a  common  temperature,  yet  they  were  to  be  expected,  as  soon 
as  heat  is  evolved  by  the  commencing  oxidation  of  the  metal¬ 
lic  bases,  at  the  expense  of  water  or  atmospheric  air.  There¬ 
fore,  the  advocates  of  the  chemical  theory  cannot  suppose  the 
presence  of  sulphur  in  the  focus  itself,  where  these  metals  are 
imagined  to  be,  but  in  higher  places,  where  the  hydrogen 
arising  from  beneath  would  unite  with  it.  Granting  even  the 
sulphur  to  be  in  these  higher  places,  the  formation  of  sulphu¬ 
retted  hydrogen,  nevertheless,  cannot  be  supposed,  as  it  is 
known  that  hydrogen  and  sulphur  cannot  be  united  directly, 
and  scarcely  even  by  melting  and  volatilizing  sulphur  in  hy¬ 
drogen  gas. 

Finally,  it  must  be  well  considered  that,  according  to  the 
chemical  theory,  the  decomposition  of  water  by  metallic  prin¬ 
ciples  would  be  the  first  phasis  of  volcanic  action  ;  that,  conse¬ 
quently,  the  second  one  would  be  the  combination  of  the  hy¬ 
drogen  separated  with  sulphur.  These  two  phases  of  volcanic 
action  would  of  course  precede  by  a  long  period  the  eruptions 
of  lava.  But  volcanic  phenomena  present,  in  general,  the 
contrary  of  these  suppositions.  Disengagements  of  sulphu¬ 
retted  hydrogen  gas  do  not  take  place  before  the  issuing  of 
lava,  but,  for  the  most  part,  after  all  other  volcanic  phenomena 
having  ceased.  It  is  well  known  that  these  disengagements 
take  place,  in  general,  when  a  volcano  is  in  the  state  of  a  sol- 
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fatara.  The  solfatara  near  Puzzuoli,  and  many  in  the  Andes, 
present  sufficient  instances  of  this  kind. 

This  circumstance  seems  to  me  the  most  fatal  to  the  che¬ 
mical  theory.  I  cannot  imagine  how  its  advocates  can  remove 
this  difficulty.  They  will  not  surely  be  disposed  to  assume 
that  the  hydrogen  separated  by  the  decomposition  of  water, 
in  the  first  phasis  of  volcanic  action,  is  reserved  in  vast  ca¬ 
verns  near  and  about  the  focus  of  the  volcano,  and  that  it  is 
only  a  long  time  afterwards  that  the  combination  with  sulphur 
takes  place  ? 

I  am  quite  at  one  with  Professor  Daubeny,  in  admitting  the 
large  beds  of  sulphur  which  exist  in  most  volcanic  districts 
(viz.  Sicilg),  to  be  the  result  of  the  decompositions  of  the  sul¬ 
phuretted  hydrogen  evolved.  Many  years  ago  I  stated  in 
German  journals,  and,  I  think,  on  good  grounds,  that  these 
beds,  both  in  volcanic  and  neptunian  districts,  may  for  the 
most  part  have  been  generated  by  the  slow  oxidation  of  sul¬ 
phuretted  hydrogen  at  the  common  temperature,  at  the  ex¬ 
pense  of  atmospheric  air,  whereby  only  the  most  oxidisable 
ingredient  of  it,  the  hydrogen,  was  oxidised,  whilst  sulphur 
was  deposited.  Regarding  the  formation  of  sulphuretted  hy¬ 
drogen,  there  is,  however,  a  difference  of  opinion  between 
Daubeny  and  myself.  He  remarks,  that  I  pass  over  without 
any  attempt  of  explanation,  among  other  things,  the  evolu¬ 
tion  of  sulphuretted  hydrogen,  in  quantities  far  exceeding 
what  are  to  be  explained  by  the  reaction  of  carbonaceous 
matter  upon  sulphates,  or  any  of  those  other  processes  which 
sometimes  produce  it  on  the  surface  of  the  earth. 

Though  intending  to  discuss  this  subject  in  my  future  pub¬ 
lications,  yet  I  may  take  this  opportunity  of  answering  these 
remarks  of  Professor  Daubeny. 

Sulphuretted  hydrogen  seems  generally  to  be  formed  by  the 
reaction  of  carbonaceous  matter  upon  sulphates.  There  are 
many  instances  which  appear  to  lend  considerable  Aveight  to 
this  supposition.  Thus  mineral  waters  containing  sulphates 
disengage  sulphuretted  hydrogen,  when  for  a  long  time  in 
contact  with  any  organic  matter,  for  instance  straw.  I  once 
put  a  tea-spoonful  of  sugar  in  such  a  water,  placed  in  a  pitcher. 
After  having  alloAved  it  to  remain  four  yeai’s  in  a  cellar,  such 
a  considerable  quantity  of  sulphuretted  hydrogen  Avas  gene- 
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rated  as  to  form  a  strong  sulphurous  water.  The  sulphate  of 
soda  formerly  contained  in  it  had  disappeared,  and  u’on  pyrites 
was  deposited.  On  the  bottom  of  a  mineral  spring  contain¬ 
ing  only  a  very  small  quantity  of  sulphate  of  soda,  I  once 
found  pieces  of  iron  pyrites,  including  organic  matters,  such 
as  branches  and  stalks  of  plants.  There  is  no  doubt  but  this 
iron  pyrites  was  formed  by  the  decomposition  of  sulphate  of 
soda  and  carbonate  of  the  protoxide  of  iron,  at  the  expense  of 
the  organic  matter. 

We  can  accordingly  have  no  difficulty  in  admitting  most 
sulphurous  springs  to  be  formed  in  the  same  way.  In  support 
of  this,  it  may  be  mentioned,  that  all  sulphurous  springs  con¬ 
tain  sulphates  and  organic  matters.  I  allude  only  to  those  in 
the  Pyrenees,  which,  it  is  known,  abound  in  vegetable  matter, 
the  so-called  Baregine. 

Many  exhalations  of  sulphuretted  hydrogen  in  volcanic  dis¬ 
tricts  may  be  formed  in  the  same  way.  At  least  organic 
matters  are  not  wanting  in  sedimentary  rocks  which  have 
been  broken  through  by  volcanic  actions,  and  sulphates  exist 
in  many  volcanic  products. 

Assuming  that  melted  lava  comes  in  contact  with  sulphur  at 
any  part  of  a  volcano,  and  that  the  so-called  liver  of  sulphur  is 
produced  from  alkalies  and  alkaline  earths ;  supposing,  farther, 
that  the  liver  of  sulphur  meets  with  water  and  carbonic  acid 
gas,  sulphuretted  hydrogen  wdll  be  evolved.  We  may  easily 
imagine  exhalations  of  this  gas  during  the  course  of  many 
ages,  when  liver  of  sulphur  abounds.  Indeed,  the  immense  dis-  * 
engagements  of  carbonic  acid  gas  in  many  districts  of  former 
volcanic  action,  within  the  memory  of  man,  appear  to  lend  con¬ 
siderable  w'eight  to  the  theory  suggested. 

I  shall  not  pass  from  these  considerations  without  alluding 
to  Daubeny’s  supposition  that  the  chlorine  also,  which  we  know 
to  be  generally  present  in  volcanos,  may  be  united  with  the 
hydrogen  evolved  by  the  decomposition  of  water.  But  the 
occurrence  of  a  considerable  quantity  of  chlorine  in  a  free 
state  in  a  volcano  is  hardly  probable.  We  know  this  substance 
to  be  merely  evolved  when  a  peroxide  is  present.  In  the  inte¬ 
rior  of  the  earth  there  is  only  that  of  manganese  which  is 
rather  abundant.  When  present  at  the  locality  of  a  volcano. 


24 


Professor  Bischof’s  Beagons  against 

it  can  merely  be  supposed  to  exist  in  such  places  where  there 
is  no  red  heat.  An  enormous  quantity  of  chlorine  must  be  pre¬ 
sent  to  unite  with  the  hydrogen  evolved.  For  instance, 
5.6  parts  of  hydrogen,  calculated  above,  require  187  parts  of 
chlorine  to  be  present  for  producing  100  parts  of  lava,  when 
the  hydrogen  separated  from  water  is  to  unite  with  it. 

Whatever  be  the  importance  of  these  reflections,  every  one 
must  come  to  the  conclusion,  that  the  production  of  lava,  by 
oxidation  of  its  metallic  principles,  requires  immense  quantities 
of  atmospheric  air  or  water,  and  that  the  hydrogen  separated 
by  the  decomposition  of  water,  supposes  the  presence  of  sul¬ 
phur  or  chlorine  for  uniting  with  them  in  such  quantities  as 
to  exceed  those  of  the  lava  itself 

It  is  true,  the  quantities  of  gaseous  matters  rising  from  the 
crater  of  a  volcano  during  its  eruption  cannot  be  estimated  in 
proportion  to  the  lava  issuing  from  it  at  the  same  time.  How¬ 
ever,  as  soon  as  these  matters  should  exceed  the  lava  in  quan¬ 
tity,  the  atmospheric  air  round  about  the  volcano,  to  a  consi¬ 
derable  distance,  would  be  quite  fatal  to  animal  life.  Accounts 
of  the  eruptions  of  Vesuvius  and  other  volcanos  do  not  men¬ 
tion  such  phenomena.  Gaseous  exhalations,  it  is  true,  take 
place  in  abundance  in  the  environs  of  V esuviiis,  but  only  after 
the  cessation  of  the  eruption  and  the  issuing  of  lava.  These 
exhalations,  consisting  of  carbonic  acid  gas,  cannot  be  con¬ 
nected  w  ith  oxidations  of  the  metallic  bases  supposed  to  exist 
in  the  interior.  Professor  Daubeny  himself  assumes  that  these 
disengagements  cannot  be  derived  directly  from  chemical  pro¬ 
cesses  w'hich  produce  the  phenomena  supposed  by  him,  but 
that  they  are  only  caused  by  the  heat  which  these  processes 
tend  to  diffuse  through  the  adjacent  rocks. 

Among  the  simple  bodies  for  which  hydrogen  possesses  a 
strong  affinity,  oxygen  occupies  a  high  rank.  Professor  Dau¬ 
beny  speaks  of  this  gas  uniting  with  the  hydrogen  separated  by 
the  decomposition  of  water.  However,  it  seems  to  me  rather 
difficult  to  suppose  its  presence  in  a  place  wdiere,  according  to 
him,  mighty  oxidations  take  place.  But  even  granting  atmo¬ 
spheric  air,  after  having  acted  upon  the  metallic  principles,  to 
reserve  a  sufficient  quantity  of  oxygen  for  the  ignition  of  the 
hydrogen  evolved,  this  supposition  leaves  the  explanation  gene- 
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Tally  on  the  same  footing.  Indeed,  admitting  this,  it  is  the 
same  as  if  atmospheric  air  alone  were  to  oxidise  the  metallic 
principles  of  lava,  viz.  the  same  quantity  of  oxygen,  formerly 
furnished  to  them  by  water,  must  now  he  afforded  to  the  hy- 
drogen  hy  the  atmospheric  air. 

To  these  considerations  it  maybe  added,  that  Sir  Humphry 
Davy  could  not,  in  any  of  the  several  instances  in  which  he 
experimented  on  lava,  when  freshly  poured  out,  and  in  a  liquid 
ignited  state,  detect  any  traces  of  pure  or  uncomhined  alkaline 
or  earthy  inflammable  bases.*  Dr  John  Davyproperly  adds  that 
the  absence  of  iron  in  its  metallic  state  amongst  the  products 
of  volcanos,  so  abundantly  oxidated  in  the  first  degree  of  oxi¬ 
dation,  is  very  unfavourable  to  the  idea  that  large  quantities 
of  inflammable  gas  are  evolved  in  volcanic  eruptions,  or  even 
disengaged.  Were  this  oxide  acted  on  by  hydrogen  at  a  high 
temperature,  what  is  there  which  could  prevent  its  decompo¬ 
sition  ?  and  if  reduced,  we  might  expect  to  discover  it  in  this 
state,  at  least  occasionally,  enveloped  in  and  protected  by  lava. 

Before  finishing  my  remarks,  I  cannot  help  asking  the  de¬ 
fenders  of  the  chemical  theory,  whether  they  suppose  that  the 
volcanic  actions  by  which  the  immense  mountains  of  granite, 
trachyte,  basalt,  porphyry,  &c.,  have  been  elevated,  resulted 
from  the  same  chemical  processes  ?  The  question  is,  did  these 
masses  occur  in  the  interior  of  the  earth  in  a  metallic  condi¬ 
tion,  or  as  oxidised  bodies In  the  latter  case  the  advocates 
of  that  theory  would  be  obliged  to  embrace  the  very  same 
explanation  of  volcanic  actions  I  am  venturing  to  defend.  On 
the  contrary,  by  assuming  the  former  opinion,  the  very  same 
difficulties  would  be  placed  in  opposition  which  I  have  esta¬ 
blished  above,  but,  as  we  cannot  doubt,  only  much  greater  in 
degree.  It  must  be  asked  where  are  to  be  found  the  substances 
separated  by  the  oxidation  of  the  metallic  bases  of  the  liquid 
ignited  masses  that  have  arisen  from  the  interior,  whether  it 
was  that  atmospheric  air  or  water  was  decomposed,  whether 
it  was  that  nitrogen  or  hydrogen  w'as  separated,  or  that  am¬ 
monia,  or  sal-ammoniac,  or  sulphuretted  hydrogen  was  pro¬ 
duced  ?  These  substances,  the  equivalents  of  the  ejected  liquid 

*  Memoirs  of  the  Life  of  Sir  Humphry  Davy,  by  his  brother,  vol.  ii.  p.  122  ; 
and  Collected  Works,  vol.  i.  p.  269. 
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ignited  masses  raised  up,  amount  to  quantities  equal  to  the  vol¬ 
canic  rocks,  and  even  surpassing  them,  as  we  have  seen  above. 
But  nowhere  on  the  surface  of  the  earth,  or  in  the  atmosphere, 
are  such  immense  masses  found.  If  the  defenders  of  such  a 
hypothesis  were  to  suppose  that  in  former  times  the  propor¬ 
tion  of  oxygen  in  the  atmospheric  air  Avas  greater  than  now, 
the  possibility  of  such  a  supposition  cannot  be  denied  without 
hesitation ;  however,  it  may  be  remarked,  that  there  are  other 
grounds  for  inferring  the  opposite  opinion. 

The  further  details  I  have  to  offer  on  the  subject  must, 
however,  be  reserved  for  publication  in  a  future  number  of  this 
Journal. 

Summary  of  the  most  important  Geognostical  Phenomena  with 
which  it  is  necessary  to  be  acquainted  in  Preliminary  Mining 
Operations.  By  the  late  Frederick  Mohs,  Councillor  of 
Mines  at  Vienna,  and  Knight  of  the  Royal  Saxon  Order  of 
Civil  Merit,  &c.  (Concluded  from  Vol.  xxix.  p.  21.) 

Repositories  of  Simultaneous  and  of  Posterior  Formation. — It 
is  now  time  for  us  to  direct  our  attention  for  a  short  space 
to  the  object  of  the  search,  to  the  manner  in  which  reposi¬ 
tories  of  useful  minerals  are  contained  in  the  various  rocks 
which  have  been  considered,  and  to  their  different  relations. 
Two  kinds  of  these  repositories  are  generally  distinguished,  of 
which  the  one  is  assumed  to  be  of  simultaneous  formation*  with 
the  including  mountain-mass,  and  the  other  is  regarded  as  of 
posterior  formation.!  To  the  first  belong  beds,  and  lying 
masses  (liegende  Stocks),  and  under  the  other  are  included 
veins  of  a  great  variety  of  descriptions.  We  can  easily  judge 
of  this  classification,  when  we  find  that  geognosts,  and  with 
reason  too,  speak  of  extemporaneous  veins,  that  is,  of  such 
as  are  of  simultaneous  origin  with  the  mountain-masses.  A 
contemporaneous  vein  is  a  repository  which  has  been  produced 
as  a  vein  at  a  later  period  than  the  rock,  and  which,  neverthe¬ 
less,  as  a  contemporaneous  vein,  is  of  simultaneous  formation. 
As  this  is  a  contradiction,  and  as  the  contemporaneous  veins 

*  See  Vol.  xxix.  of  the  Journal,  p.  4  . 
t  DAubuisson,  Traite  de  Geognosie.  Ire  e<Ht.  t.  ii. 
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can  be  distinguished  by  no  decisive  character  from  those  which 
are  assumed  to  have  been  produced  subsequently  to  the  rocks 
they  traverse,  but,  on  the  contrary,  present  an  uninterrupted 
series  with  them,*  it  is  better  to  leave  this  classification  aside, 

!  and  to  distinguish  the  repositories  of  useful  minerals,  when  it 

is  necessary  to  do  so,  entirely  by  their  form,  and  by  their  re¬ 
lations  to  the  surrounding  rocks,  and  to  their  structure,  that 
is,  without  reference  to  their  period  of  formation,  or  to  their 
relative  age. 

I  Disseminated  Ores  and  Stockwerks,  ^c. — It  is  the  case  with 

j  some  useful  minerals,  that  they  are  not  confined  to  a  space 

I  of  determinate  form,  but  that  they  occur  disseminated  or 

1  distributed  in  smaller  or  larger  imbedded  portions,  in  certain 

portions  of  mountain-masses.  Tinstone  and  native  gold  are 
remarkable  examples  of  this  mode  of  occurrence.  The  rocks 
in  which  these  metals  are  met  with,  are,  in  respect  to  the 
former,  granite  and  porphyry,  and  more  rarely  gneiss ;  for 
the  latter,  granite  and  some  sandstones,  and  probably  also 

*  Some  geognosts,  probably  from  noticing  this  contradiction,  and  from 
having  perceived  the  undeniable  simultaneous  formation  of  these  veins  with 
the  rocks  themselves,  endeavour  to  separate  the  contemporaneous  veins  from 
the  true  veins,  that  is,  from  tabular  repositories,  which,  as  is  assumed,  have 
been  formed  at  a  later  period  than  the  surrounding  rocks,  therefore  in  actual 
previously  existing  open  fissures  ;  and,  in  order  to  establish  this  distinction, 
they  avail  themselves  of  various  characters,  which  are  partly  derived  from 
the  form  of  these  repositories,  partly  from  their  contents,  and  partly  from 
their  relations  to  the  rocky  masses. 

It  is  time  that  these  characters  belong  to  several  of  these  so-called  con¬ 
temporaneous  veins,  but  they  are  also  met  with  in  many  of  those  regarding 
which  it  is  asserted  that  they  have  been  produced  at  a  later  period  than  the 
traversed  rocks ;  while,  vice  verm,  those  properties  by  which  the  latter  are 
distinguished,  are  to  be  found  in  the  former  in  greater  or  less  perfection. 
When,  in  a  series  of  veins  of  this  description,  we  compare  the  neighbouring 
members,  we  find  but  few  differences,  but,  when  we  compare  more  distant 
ones,  the  difference  is  so  great  that  we  can  hardly  discover  one  character  in 
Avhich  they  agree.  This  is  the  nature  of  these  repositories,  and  in  this  con¬ 
sists  the  character  of  the  uninterrupted  series  which  they  exhibit.  The  at¬ 
tempt  to  discover  decided  marks  of  distinction  between  beds,  contempora¬ 
neous  veins,  and  real  veins,  that  is,  those  presumed  to  be  of  subsequent  for¬ 
mation  to  the  rocks  in  which  they  occur,  will  probably,  therefore,  never  suc¬ 
ceed,  if  we  except  from  the  latter  those  which  have  been  formed  in  more  or 
less  considerable  tabular  hollows,  of  actual  fragments  and  rolled  masses,  of 
bone  fragments,  &c.  or  which  have  been  produced  on  active  volcanos  in  ac¬ 
tual  fissures,  all  of  which  are  not  to  be  included  among  the  original  reposi¬ 
tories  of  minerals  now  under  consideration. 
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some  varieties  of  greenstone.  Both  present  themselves  some¬ 
times  in  such  small  particles,  that  the  eye  cannot  at  all 
distinguish  them,  or  at  least  can  only  do  so  with  difficulty. 
Hence,  when  we  have  reason  to  suspect  the  existence  of 
such  metallic  substances  in  a  rock,  we  must  subject  the  stony 
mass  to  a  more  minute  investigation  of  its  composition,  by 
means  of  mechanical  separation,  and  we  must  endeavour  to  be¬ 
come  acquainted  with  the  extent  of  the  repository,  which,  as  al¬ 
ready  remarked,  is  not  limited  to  a  certain  form  by  means  of 
fixed  and  recognisable  limits.  Sometimes  the  space  in  which 
such  minerals  occur  is  pretty  equally  extended  in  all  directions, 
and  this  is  the  case  in  some  of  what  are  termed  Stochcerks ; 
sometimes  one  of  the  dimensions  is  much  smaller  than  the  two 
others,  and  when,  therefore,  we  include  the  zone  or  region  in 
which  the  useful  minerwls  occur  between  two  plane  surfaces 
parallel  to  its  greatest  dimensions  (which  are  neither  present 
as  seams  of  stratification,  nor  as  surfaces  of  distinct  concre¬ 
tion,  or  at  least  the  circumstance  is  quite  accidental,  if  the 
latter  be  the  case),  it  assumes  the  form  of  a  bed,  or  generally 
of  a  tabular  repository,  as  is  frequently  observed  in  the  gold 
occurring  in  granite. 

Kidneys,  Nests,  Putzen,  and  Lying  Stocks. — Another  kind  of 
occurrence  of  the  useful  minerals  consists  therein,  that  they 
present  themselves  either  in  single  considerable  irregular 
masses,  or  that  there  are  several  at  short  distances  from  one 
another;  and,  in  the  latter  case,  they  may  either  occupy  or 
not  a  recognisable  region.  This  form  of  occurrence  belongs 
to  some  iron-ores,  and  is  observable  partly  in  slates,  and 
partly  in  limestones.  The  smaller  masses  of  ore  are  generally 
termed  kidneys  or  nests,  and  Putzen,  while  the  larger  are  deno¬ 
minated  Lying  Stocks.  In  the  slate  rocks,  the  structure  is 
sometimes  abruptly  terminated  by  these  masses,  and  some¬ 
times  it  winds  around  them,  without  altering  generally  or  to 
any  extent  the  direction.  When  such  small  masses  of  ore 
are  confined  to  a  certain  region,  they  give  the  idea  of  a  bed, 
and  then,  not  unfrequently,  there  is  a  clue  which  leads  from 
one  to  the  other. 

Layer  of  Foreign  Matter  hetvceen  the  Kidneys,  ^c.,  and  the  in¬ 
closing  roc^.-— The  kidneys,  nests,  and  Putzen,  sometimes  exhibit 
a  phenomenon  in  respect  to  the  rocks  in  which  they  occur,  which 
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is  also  observable  at  the  contact  of  two  different  rocks,  and  which 
is  not  unlike  that  of  which  we  have  spoken  above.  When  the 
mass  of  ore  passes  directly  into  the  rock,  or  is  intimately  united 
with  it  at  the  line  of  junction,  this  phenomenon  is  scarcely  to 
be  expected ;  when,  however,  this  is  not  the  case,  there  is 
frequently  found,  between  the  ore  and  the  rock,  a  layer  of 
another  substance,  of  a  clayey  or  other  composition,  which, 
as  it  were,  incloses  the  mass  of  ore  in  greater  or  less  (quan¬ 
tity,  inasmuch  as  it  generally,  without  interruption,  surrounds 
it  on  all  sides,  and  passes  as  well  into  the  mass  of  rock  as 
into  the  mass  of  ore.  In  cases  like  those  hitherto  consi¬ 
dered,  this  substance  often  affords  the  clue  just  alluded  to,  and 
attention  to  it  may,  under  these  circumstances,  be  of  direct  use, 
so  that  we  should  not  in  any  instance  omit  its  investigation. 

F lions  de  Contact. — When  two  different  rocks,  the  one  per¬ 
haps  in  the  form  of  a  bod,  the  other  in  the  form  of  a  lying 
stock,  or  whatever  may  be  the  mode  of  occurrence,  meet  un¬ 
der  the  above  circumstances,  viz.,  that  they  do  not  directly 
pass  into  each  other,  or  are  not  intimately  united  with  each 
other  at  the  line  of  junction,  but  that  they  are  either  sepa¬ 
rated  by  mere  masses  of  distinct  concretion,  or  by  a  foreign 
substance,  the  latter,  whatever  may  be  its  nature,  and  however 
unimportant  it  may  at  first  sight  appear,  deserves  particular 
attention.  It  has  frequently  happened  that  this  substance  has 
not  only  proved  metalliferous,  but  alsothatit  has  consisted  chiefly 
or  entirely  of  ore,  and  that  sometimes  it  has  been  of  consider¬ 
able  magnitude.  We  cannot  term  such  appearances  veins 
or  beds,*  and  cannot  compare  them  with  any  of  the  repositories 
mentioned  by  authors  ;  and  they  would  thus  seem  to  have  at¬ 
tracted  less  attention  than  they  deserve,  although  it  is  known 
to  miners  that  junctions  are  important  places  for  their  opera¬ 
tions.  But  this  does  not  hold  good  for  all  junctions,  for  when 
gneiss  and  mica-slate,  or  clay-slate,  or  greywacke,  &c.,  are  in 
contact,  the  junction  is  generally  accompanied  by  the  appear¬ 
ance  of  transitions  in  the  direction  of  the  thickness  ;  and  hence 
there  is  little  or  nothing  to  be  expected.  When,  however, 
granite,  especially  in  amorphous  masses,  is  in  contact  with  one 


*  The  French  term  such  occurrences  des flons  de  contact.-- D’Aubuisson, 
2ieme  ed.  t.  ii.  p.  575. 
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of  the  slate  rocks,  or,  still  more,  when  limestone  is  in  contact 
with  granite,  syenite,  porphyry,  greenstone,  without  being 
united  by  direct  transitions,  or  even  when  it  is  separated  by 
traces  of  a  foreign  substance,  these  are  circumstances  in  which 
there  is  something  to  be  hoped  for,  and  which  therefore  ren¬ 
der  a  more  close  examination  advisable. 

Venigenous  Stockwerks. — In  the  modes  of  occurrence  of  useful 
minerals  already  considered,  the  structure  of  the  rock,  as  well 
as  of  the  mountain-masses,  is  generally,  though  not  always,  in¬ 
tersected  ;  but  there  are  phenomena  where  this  frequently 
happens  without  our  being  able  to  say  that,  by  this  means, 
the  actual  character  of  the  repository  is  determined ;  for 
there  are  appearances  of  this  kind,  and  of  perfectly  similar 
nature  to  one  another,  which  are  sometimes  conformable  to 
the  stiTicture  throughout  the  whole  extent,  and  sometimes 
are  only  partially  so.  These  are  small,  irregular,  chiefly  ta¬ 
bular  masses,  which,  like  the  so-called  contemporaneous  veins 
of  calcareous  spar  in  limestone,  extend  in  all  possible  direc¬ 
tions,  and,  therefore,  also  in  directions  parallel  to  the  struc¬ 
ture,  and  which,  on  account  of  their  insignificance,  do  not 
deserve  separate  consideration.  But  still  there  are  in  cer¬ 
tain  mountain-masses  whole  tracts,  which,  without  being  con¬ 
fined  to  fixed  forms  and  boundaries,  are  traversed  by  simi¬ 
lar  small  veins ;  and  these  are  frequently  so  numerous  that 
they  become  valuable  to  the  miner,  especially  since,  just  as  in 
some  of  the  previously  described  phenomena,  the  neighbour¬ 
ing  rock  is  frequently  metalliferous  (impregnated  with  ore),  and 
hence  they  undoubtedly  become  important  objects  of  examina¬ 
tion.  A  part  of  what  are  termed  Stockiverks  likewise  belong 
to  the  same  category ;  and  tinstone,  native  gold,  and  probably 
some  copper-pyrites  and  glances,  are  the  minerals  found  in  such 
repositories.  We  can  easily  imagine  that,  towards  the  boun¬ 
daries  of  such  a  mountain-mass,  traversed  by  similar  veins, 
these  veins  appear  more  subdivided  than  near  the  centre ;  and 
hence,  when  we  discover  single  veins  of  this  kind,  we  must 
carefully  ascertain  if  these  are  not  connected  with  a  tract  which 
contains  them  in  a  larger  number,  and  of  a  richer  description. 

Like  all  the  other  phenomena  of  nature,  this  one  does  not 
stand  alone.  In  the  slate-rocks,  in  which  the  phenomena  al- 
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ready  discussed  occur,  though  not  exclusively,  the  venigenous 
(/.  e.  small,  irregular,  tabular)  repositories  are  sometimes  con¬ 
fined  to  certain  zones  or  regions,  which,  when  limited  by  two 
plane  surfaces,  bounding  them  entirely  or  almost  entirely, 
and  when  these  tabular  regions  lie  conformably  to  the  struc¬ 
ture  of  the  rock  and  mountain-masses,  may  be  viewed  as  beds 
more  or  less  branched,  or,  when  they  intersect  that  structure, 
may  be  regarded  as  more  or  less  branched  veins.  Sometimes 
such  a  region  or  zone  is  distinguished  in  the  mountain-mass  in 
which  such  appearances  present  themselves,  by  the  nature  of 
its  rock,  inasmuch  as  variations  in  its  structure  may  be  re¬ 
marked,  or  it  occurs  in  such  a  condition  as  is  termed  a  more 
or  less  advanced  state  of  decomposition,  disintegration,  or 
weathering,  and  which  is  attributed  to  a  change  produced 
subsequently  to  the  original  formation.  When  such  a  region, 
especially  when  it  is  not  metalliferous,  lies  conformably  to 
the  general  structure,  it  is  generally  termed  a  rottenness  (eine 
Fdule),  a  clay  fissure  (ein  Lettenkluft),  &c.  (at  least  what 
are  termed  promising  appearances  come  under  this  denomina¬ 
tion)  ;  but  if  it  intersect  the  structure,  it  is  regarded,  when 
without  ore,  as  a  barren  rock  (taube  Gedein),  or  clay  vein 
(Lettengang ),  of  which  the  slate  mountains  afford  remarkable 
examples.  Sometimes,  however,  such  veins  ought  not  to  be 
neglected ;  for  it  has  often  been  obser\’ed  that  from  them  there  are 
developed  vein-like  formations,  and  even  extensive  and  icide  veins, 
which  not  unfrequently  prove  rich  and  of  mining  importance.  The 
Erzgebirge,  both  on  the  Bohemian  and  Saxon  sides,  contain  ex¬ 
tremely  remarkable  instances  of  this  feature.  In  mountain- 
masses  in  which  there  is  no  slaty  structure  present  or  perceptible 
(which  are  not  stratified,  according  to  the  usual  mode  of  expres- 
ssion),  the  nature  of  these  repositories  is  determined  by  the  dif¬ 
ference  of  their  direction,  and  by  the  general  relations  of  super¬ 
position,  that  is  to  say,  we  so  determine  whether  they  are  to  be 
regarded  as  beds  or  veins.  V arious  copper-ores  (that  is  mine¬ 
rals  generally  which  contain  copper,  and  which  are  used  as 
ores  of  copper),  sometimes  cinnabar,  more  rarely  some  others, 
are  the  metallic  substances  found  in  these  repositories,  here 
and  there  accompanied  by  the  so-termed  vein  or  bed-stones, 
especially  when  they  are  in  the  form  of  beds ;  and  the  above 
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obsen'atioiis,  in  so  far  as  individual  small  veins  {Trunmer)  of 
this  kind  are  met  with,  find  also  their  application  here. 

Passage  of  Stockwerks  into  beds  and  veins  proper. — Sometimes 
the  small  veins  (Trummchen)  of  Stockwerks,  slender  at  first, 
increase  in  width,  and  so  approach  one  another,  that  not  only 
do  the  repositories  thus  become  richer,  but  likewise  entirely 
change  their  nature  and  constitution  by  several  uniting,  and  at 
last  forming  a  single  individual.  On  the  one  hand,  there  thus 
arise  regular  beds,  at  first  still  provided  with  their  lateral  and 
companion  veins,  but  ultimately  as  tabular  masses  contained 
between  roof  and  floor ;  and,  on  the  other,  regular  veins,  at 
first  also  with  their  accompanying  offsets,  but  afterw'ards  as 
masses  contained  between  their  salhandes  (Saalbdndern) ;  and  the 
first  intei'sect  the  structure,  just  as  often  as  the  others  lie  partly 
conformable  or  parallel  to  it.  There  are  individunl  examples, 
as  well  of  beds  as  of  veins,  in  which  we  meet  simultaneously 
w'ith  all  the  differences  hitherto  spoken  of,  and  which,  in  one 
part,  consist  of  mere  single  small  veins  (Trummern),  but 
in  another,  form  a  more  connected  mass,  only  here  and  there 
accompanied  by  such  little  veins,  and  which,  finally,  not  unfre- 
quently  appear  as  repositories  which  are  completely  bounded, 
not  unfrequently,  by  distinct  concretion-surfaces  and  separat¬ 
ing  layers  ( Besiege)  ;  and  wo  may  quote  as  such,  some  of  the 
copper-ore  repositories  in  the  Tyrol  for  the  bed-like  forms,  and 
some  of  the  lead-glance  repositories  of  the  Hartz  for  the  vein¬ 
like  forms.  But  repositories  of  both  kinds,  which  are  for  their 
whole  extent  of  uniform  characters,  are  the  most  usual,  and  of 
these,  those  which  appear  as  connected  masses  are  the  most 
important.  These  are  the  beds  and  veins  in  their  proper  and 
usual  mining  and  geognostical  sense. 

Beds.,  and  the  materials  of  which  they  are  composed. — Tho 
general  properties  of  beds  already  mentioned  in  the  pre¬ 
ceding  pages  having  been  premised,  I  wish  more  particularly 
now'  to  notice  that  all  these  repositories  do  not  consist  en¬ 
tirely  of  ores,  but  that  what  is  contained  between  the  roof 
and  floor  as  the  actual  mass  of  the  repository,  often  appears 
as  a  combination  of  ores  and  other  minerals.  Sometimes 
the  mountain-rock  itself  forms  the  mineral  substance  of  the 
bed,  as  is  very  often  the  case  with  limestone  and  slaty  rocks  1 
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and  the  ores,  or,  properly  speaking,  the  matrix  of  the  ore 
{Erzmittel\  appear  sometimes  as  separate  kidney  and  putzen 
shaped  portions  in  them,  and  are  connected  with  the  above 
mentioned  kidneys  and  putzen ;  sometimes  they  form  conti¬ 
nuous  but  irregular  masses,  which  enlarge  or  contract  in  dif¬ 
ferent  directions,  and  which  are  so  branched  that  it  is  impos¬ 
sible  to  assign  them  any  definite  form,  and  even  in  many  cases 
any  definite  direction,  and  all  we  can  say  is,  that  they  lie 
between  the  roof  and  floor,  although  even  these  can  some¬ 
times  be  recognised  with  difficulty.  In  limestone  rocks  they 
sometimes  appear  as  what  the  older  English  geologists  termed 
pipe-reins.*  In  very  many  instances,  however,  the  mineral 
substances  of  the  bed  are  different  from  the  mountain-mass, 
although,  nevertheless,  they  sometimes  still  stand  in  a  certain 
connection  with  it.  Thus,  should  the  bed  occur  in  a  slate  rock, 
it  is  found  that  the  mineral  substances  of  that  bed  are  chiefly 
quartz  and  calcareous  spar ;  more  rarely,  though  sometimes,  as 
accompaniments  to  magnetic  iron-ore,  we  have  garnet,  horn¬ 
blende,  &c.  If  the  mountain-mass  be  greenstone  or  hornblende- 
slate,  the  component  parts  of  the  bed  are  frequently  hornblende, 
augite,  pistacite,  garnet,  felspar,  and  calcareous  spar,  without 
mentioning  those  of  more  rare  occurrence  ;  and  if  the  rock  be 
limestone,  the  beds  often  contain  calcareous  spar,  fluor  spar, 
heavy  spar,  &c.  Howeverwe  oughtnot  to  regard  all  these  as  uni¬ 
versal,  but  only  as  generally  occurring  circumstances ;  and  we 
ought  not  to  neglect  the  careful  study  of  the  substances  form¬ 
ing  these  beds,  when  we  are  occupied  with  the  discovery  of 
bed-like  repositories.  The  ores  are  generally  firmly  and  in¬ 
timately  united  in  larger  or  smaller  massive  portions  in  the 
constituent  mineral  substances  of  the  beds;  frequently  they 
are  found  perfectly  fresh,  without  traces  of  weathering,  disin¬ 
tegration,  or  any  other  change,  and  we  can  thus  often  deter¬ 
mine  as  to  a  mass  which  has  been  removed  from  its  reposi¬ 
tory,  if  it  has  been  derived  from  a  bed  or  a  vein,  for  in  the  lat¬ 
ter  some  of  these  phenomena  are  often  of  a  different  description, 
as  the  sequel  will  shew.  But  even  these  characters  are  not  al¬ 
ways  to  be  trusted  to,  for  the  minerals  obtained  sometimes 

*  Williams’s  Natural  History  of  the  Mineral  Kingdom,  vol.  i.  p.  331. 
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possess  perfectly  the  above  indicated  features,  and  yet  we  per¬ 
ceive  that  the  repository  intersects  the  structure  of  the  rock  and 
of  the  rocky  masse?,  and  is  consequently  a  vein  and  not  a  bed. 

Among  the  useful  minerals  which  occupy  conformably  the 
space  of  whole  repositories,  although  also  mixed  hero  and  there 
with  the  mineral  substances  occurring  in  these  beds,  are  more 
particularly  to  be  mentioned  iron-ores,  including  sparry  iron, 
iron-pyrites,  and  calamine.  Lead-glance,  likewise,  and  some 
antimony-glance  and  manganese-ores,  belong  partly  to  this  di¬ 
vision.  Among  those,  on  the  other  hand,  which  are  generally 
obtained  in  combination  with  the  mineral  substances  forming 
beds,  are  to  be  reckoned,  as  the  most  general,  the  copper-ores, 
especially  copper-pyrites  and  grey  copper-ore  (Fahlerz),  and 
likewise  sparry  iron,  inasmuch  as  it  often  occurs  along  with 
copper-ores  as  they  do  with  it,  in  one  and  the  same  repository. 
True  ores  of  silver,  without  including  mere  argentiferous  ores, 
seem  to  be  rare  in  beds ;  but  still,  little  can  be  said  with  cer¬ 
tainty  on  this  head,  because  it  is  often  difficult  to  decide  posi¬ 
tively  whether  a  repository  is  to  bo  considered  as  belonging  to 
the  beds  or  to  the  veins ;  any  gold  which  may  occur  in  veins  is 
generally  associated  with  quartz,  and  is  frequently  so  intimately 
and  finely  united  with  it,  that  wo  can  only  recognise  the  actual 
presence  of  the  gold  by  the  colour  passing  into  grey,  and  by 
the  other  properties  of  the  quartz,  which  generally  has  less 
transparency  and  lustre  than  it  is  wont  to  possess  in  similar  or 
analogous  repositories,  where  it  is  not  auriferous. 

In  many  beds,  the  ores  and  mineral  substances  are  ar¬ 
ranged  together  as  it  were  in  groups,  and  thus  form  me¬ 
talliferous  and  barren  points  {erz  und  taiihe  mlttel).  After 
one  has  carefully  observed  these  metalliferous  and  barren  por¬ 
tions,  regarding  which  no  general  statement  can  be  made,  he 
can  recognise  their  appearance  and  disappearance,  before  reach¬ 
ing  or  traversing  them  by  means  of  boring  or  mining.  This 
is  important  for  the  investigation  and  excavation  of  reposito¬ 
ries,  and  a  great  portion  of  the  peculiar  skill  of  the  practical 
miner  is  founded  on  observations  and  determinations  of  this 
kind  ;  it  does  not,  however,  belong  to  a  place  where  the  objects 
under  consideration  are  merely  the  search  for  and  discoveiy 
of  these  repositories.  However,  it  leads  to  another  subject 
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which  can  be  of  use  also  in  the  latter  case.  I  allude  to  the 
arrangement  of  certain  ores  and  mineral  substances  belonging 
to  beds  in  repositories  of  the  nature  above  described. 

It  is  easy  to  be  remarked  that  all  ores  which  occur  in  beds 
are  not  associated  with  one  another,  and  that  they  are  not  in¬ 
discriminately  accompanied  by  all  the  substances  forming  these 
beds.  Moreover,  we  find  that  beds  of  a  certain  composition, 
namely,  such  as  contain  certain  ores  and  certain  mineral  sub¬ 
stances,  are  as  it  were  united  to  certain  mineral  masses,  and  do 
not  present  themselves  in  others.  This  sometimes  goes  to  such 
a  length  in  slate-rocks,  that  we  only  find  such  beds  in  those 
places  or  regions  which  are  composed  of  particular  varieties  of 
this  or  that  slate.  Hence  has  arisen  the  idea  of  hed-formatlons 
(Xa«7e;yema</oHm),  which,  although  it  cannot  be  referred  tofixed 
and  certain  characters,  and  generally,  therefore,  cannot  be  spoken 
of  definitely,  yet  in  the  search  for  such  repositories,  can  afford 
useful  assistance.  Hence,  in  districts  where  several  of  these 
repositories  are  known,  it  is  of  consequence  in  this  occupation 
to  study  as  accurately  as  possible  what  may  be  the  formations 
of  these  repositories,  and  the  phenomena  of  their  arrangement, 
inasmuch  as  experience  has  taught  us  that  when  i\\e general,  and 
hence  essential,  features  are  properly  understood,  a  great  con¬ 
stancy  is  found  to  exist,  which  leads  not  only  to  the  discovery, 
hut  also  to  the  determination,  of  the  mining  value  of  such 
a  bed,  although,  as  already  remarked,  it  cannot  he  reduced 
to  universally  applicable  characters  or  distinct  rules,  and  must 
be  left  to  the  study  of  those  to  whom  is  intrusted  the  import¬ 
ant  duty  of  searching  for  repositories  of  useful  minerals,  and 
who  really  have  this  object  at  heart. 

Bed-de2)ots  and  Bed-districts. — When  metalliferous  beds  of 
any  kind  whatever  occur  in  a  mountain  district,  they  generally 
do  not  present  themselves  singly,  but  several  lie  over  and  near 
one  another  at  indeterminate  distances.  Such  a  district  is 
generally  properly  termed  a  bed-depot  {Lager-depot).  It  is  at 
the  same  time  to  be  remarked,  that  beds  of  a  certain  forma¬ 
tion  do  not  exclude  those  which  belong  to  a  different  forma¬ 
tion,  and  that  all  taken  together  constitute  what  is  denomi¬ 
nated  a  bed-district  {Lagerretiere).  The  ideas  included  under 
the  terms  bed-depots  and  bed-di.stricts,  include  in  their  details 
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much  which  may  serve  as  a  good  introduction  to  the  search  for 
individual  repositories,  but  are  not  of  a  nature  to  be  intro¬ 
duced  in  this  place. 

Veins. — A  great  part  of  what  has  been  said  on  beds  is  equally 
applicable  to  veins.  The  most  marked  difference  which  can  here 
be  taken  into  consideration  between  these  two  kinds  of  reposi¬ 
tories  of  useful  minerals,  consists,  as  has  been  often  stated,  in 
the  phenomena  of  their  positions.  The  beds  of  a  bed-district  are 
(keeping  peculiar  circumstances  out  of  view)  parallel  to  one 
another,  and  lie,  without  exception,  conformably  to  the  struc¬ 
ture  of  the  mountain-masses,  for  they  are  just  on  that  account 
beds,  because  this  parallelism  and  this  position,  in  reference  to 
the  structure  of  the  rock  and  the  mountain-masses,  are  pre¬ 
dominant  in  them.  The  directions  of  the  strike  and  dip  of 
the  veins  of  a  vein-district  may  cut  one  another  under  all  pos¬ 
sible  angles,  and  are  in  no  respect  connected  with  the  struc¬ 
ture  of  the  rock  or  of  the  mountain-masses.  They  may  even 
be  continued  from  one  mountain-mass  to  another,  for  these  re¬ 
positories  are  just  on  that  account  veins,  because  they  are  in¬ 
dependent,  in  regard  to  their  position,  of  the  mountain-masses, 
and  of  their  structure.  It  is  assumed  regarding  veins  of  one 
and  the  same  formation,  which,  when  several  are  present  in 
one  district,  form  a  magazine  of  veins  ( Gangniederlage ),  that 
they  possess  at  least  a  like  strike,  although  their  dip  may  be 
different  in  amount  or  even  in  direction.  The  veins  are  gene¬ 
rally  more  complicated  in  their  composition  than  most  beds  are 
(for  there  are  also  beds  which  contain  the  varieties  of  a  large 
number  of  species  of  different  minerals,  and  thus  suri)ass  many 
veins,  even  such  as  do  not  contain  merely  iron-ores,  &c.),  and 
the  distinguishing  several  formations  is  thereby  rendered  the 
more  effectual,  the  more  the  knowledge  of  them  is  extended. 
Experience  has  shewn  that  in  an  extensive  district,  in  which  a 
large  number  of  vein-formations  had  formerly  been  distin¬ 
guished,  these  have  been  proved  by  further  observations  to  be 
so  united  with  one  another,  or  are  connected  and  pass  into  one 
another  in  such  a  manner,  that  it  is  no  longer  possible  to  as¬ 
sign  them  boundaries  with  any  precision  ;*  and,  although  this 


*  Vide  Kuhn’s  “  Oeopnotie,'’ 
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is  in  favour  of  the  above  assertion,  that  the  idea  of  vein-for¬ 
mations  does  not  admit  of  being  referred  to  definite  principles, 
and  these  formations  themselves  cannot  be  characterized  by 
fixed  characters,  yet,  as  so  great  a  diversity  of  differences  does 
not  occur  in  all  places,  this  idea  ought  always  to  be  kept  in 
view  in  the  investigation  of  a  district  for  the  presence  of  re¬ 
positories  of  this  kind,  the  known  veins  ought  always  to  be 
studied  thoroughly  in  this  point  of  view,  and  we  ought  not  to 
doubt  but  that,  in  this  w’ay,  much  may  be  acquired  and 
learned,  and  that  much  instruction  may  be  obtained  for  ap¬ 
proaching  our  desired  object,  of  which  we  should  have  been 
deprived  without  this  information. 

Besides  the  greater  collections  of  veins  which,  in  what  has 
now  been  said,  have  been  termed  vein-magazines  or  depots, 
and  vein-districts,  there  are  others  of  smaller  extent  which  are 
well  deserving  of  enumeration.  The  first  is  that  in  which  the 
large  principal  vein  is  accompanied  by  narrower,  often  also 
less  extensive  repositories  of  the  same  formation  which  are 
termed  companions  ( Gefdhrten ),  just  as  in  the  vicinity  of  a 
large  mass  of  granite,  we  not  unfrequently  find  smaller  por¬ 
tions  of  the  same  rock,  in  every  variety  of  forms.  The  second 
consists  in  this,  that  sometimes  several  small  veins,  of  similar 
constitution,  occur  so  near  one  another,  that  they  are  only  se¬ 
parated  by  slender  stripes  of  the  containing  rock,  and  thus 
admit  of  being  mined  together  ;  and  that  of  such  collec¬ 
tions,  several  are  found  together  in  a  parallel  position,  and 
at  small  distances  apart.  The  interm e<liate  rocky  matrix  often 
includes  the  ores  which  occur  in  the  veins,  either  disseminated 
or  in  small  massive  portions,  and  this  also  sometimes  happens 
when  the  veins  contain  but  little,  or  are  altogether  barren. 
The  third  of  these  collections,  finally,  contains  a  great  num¬ 
ber  of  small,  chiefly  irregular  veins  of  one  formation,  whose 
thickness  still  amounts  to  something,  which  so  run  through 
one  another  in  all  directions,  that  they  cross  in  the  most  di¬ 
versified  manner,  seldom  penetrating,  but  sometimes  causing 
shifts.  The  spaces  which  such  veins  occupy  in  rock-masses  are 
completely  without  determinable  limits,  and  the  whole  pheno¬ 
menon  is  therefore  specially  remarkable,  because  it  places  in  the 
most  intimate  connection  the  real  and  characteristic  veins  with 
those  in  the  previously  described  so-tenned  stockwerh,  and  which 
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consist  of  small  veins  {gangtrummern),  and  contributes  gene¬ 
rally  to  the  ascertainment  of  the  near  and  uninterrupted  con¬ 
nection  which  subsists  among  the  whole  series  of  repositories 
of  useful  minerals. 

As  veins  are  not  confined  to  a  particular  mountain-mass  and 
its  structure,  they  may,  as  already  stated,  bo  continued  from 
one  mountain-mass  into  another  ;  and,  as  experience  shews,  may 
actually  do  so  several  times.  It  is  at  the  same  time  remark¬ 
able,  that,  in  the  different  rocks  through  which  they  pass,  they 
not  only  exhibit  a  change  of  character  and  of  thickness,  but 
likewise  of  the  minerals  they  contain,  so  that  they  might  be 
regarded  as  different  repositories  in  one  mountain-mass  from 
what  they  are  in  another,  were  we  not  able  to  follow  them  from 
the  one  into  the  other.  But  it  must  be  added,  that  this  is 
not  always  the  case,  but  that  several  veins  are  known  which 
traverse  different  rock-masses,  and  that  without  undergoing  the 
slightest  change.  There  is  another  phenomenon  connected  with 
this  subject  which  deserves  especial  attention  in  a  search  after 
veins.  It  consists  in  this,  that  veins  often  occur  near  the  boun¬ 
dary  between  different  mountain-masses,  partly  in  such  a  man¬ 
ner  that  they  only  occur  in  one  or  the  other  of  these  mountain- 
masses  ;  and  partly  in  such  a  manner,  that  they  pass  from  the 
one  into  the  other,  and  thus  exhibit  the  appearances  just  before 
mentioned.  There  are  several  remarkable  instances  of  this  kind 
which  are  well  known,  and  more  might  be  discovered  if  the 
relations  of  superposition  and  of  mountain-masses  were  better 
investigated  and  better  understood. 

Changes  in  Vein-stones  and  in  neighbouring  rocks. — There 
are  various  important  peculiarities  of  repositories  of  useful 
minerals  which  have  not  hitherto  been  mentioned  in  this  essay, 
and  which  may  remain  unconsidered  in  this  place.  (3ne 
of  these,  however,  requires  to  be  shortly  discussed,  as  it  may 
have  an  important  influence  on  the  discovery  of  such  reposi¬ 
tories,  and  more  especially  of  veins.  This  consists  in  the 
changes  that  the  minerals,  of  which  the  vein  masses  are  com¬ 
posed,  and  even  the  mountain-rocks  in  their  vicinity,  undergo. 

There  are  often  found  in  veins,  impressions  of  crystals  of  mine¬ 
rals  which  no  longer  exist,  in  other  minerals  that  still  occur  in 
the  original  place  of  their  production.  There  occur  minerals 
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converted  into  pulverulent  substances,  or,  partly  while  retain¬ 
ing  their  peculiar  form,  into  varieties  of  a  different  species  ; 
and,  lastly,  minerals  are  met  with,  regarding  which,  from  the 
circumstances  under  which  they  occur,  we  must  assume  that 
they  have  been  produced  by  the  destruction  of  others.  All 
these  are  proofs  of  the  changes  which  have  taken  place  in  veins, 
and,  in  so  far  as  regards  the  destruction,  especially  in  the  up¬ 
per  portions.  The  outgoings,  and  even  considerable  portions 
of  the  upper  regions  of  veins,  are  thus  frequently  so  altered, 
that  we  are  scarcely  able  to  recognise  them  ;  inasmuch  as  the 
outgoings,  and  not  unfrequently  the  upper  parts  of  veins,  proba¬ 
bly  originally  of  considerable  breadth,  being  pressed  together, 
and  deprived  more  especially  of  their  metallic  contents,  often  ap¬ 
pear  as  mere  small,  baiTcn  fissures,  containing  clay,  or  entirely 
empty,  liut,  at  the  same  time,  the  neighbouring  rock  has  ge¬ 
nerally  suffered  considerable  alterations,  which  often  extend 
from  the  sides  of  the  veins  for  considerable  distances  into 
the  hanging  and  lying  sides,  and  clearly  distinguish  such  a  rock 
from  the  fresh  one.  These  alterations  of  the  rock  are  deno¬ 
minated  weathering  or  decomposition,  and  are  always  regarded 
as  a  sign  which  betokens  the  approach  to  ore.  These  ap¬ 
pearances  are  particularly  important  in  the  search  for  vein-like 
repositories ;  and,  therefore,  places  in  mountain-masses,  which, 
without  any  particular  cause,  occur  in  a  state  of  decomposi¬ 
tion,  just  so  much  the  more  deserve  attention  and  minute  in¬ 
vestigation  ;  because  a  mere  barren,  empty,  or  sterile  fissure 
may  be  the  outgoing  of  a  vein,  which  may  prove  very  rich,  only 
when  it  reaches  a  certain,  frequently  a  considerable  depth. 
Hence  it  is  necessary,  in  districts  in  which  veins  are  already 
known,  and  have  been  mined,  to  investigate  expressly  their 
outgoings,  and  to  study  them  well,  in  order  that,  with  their 
assistance,  we  may  be  able  to  recognise  other  veins  when  they 
occur.  We  must  not  depend  too  much  on  the  coloured  and 
peculiar  looking  Schweife  ;  for  few  veins  are  of  such  a  nature 
that  they  appear  with  those  Schweife  at  the  surface  of  the  rock. 
In  bed- like  repositories,  these  appearances  occur  less  frequently, 
although  even  they  are  not  entirely  without  examples  of  this 
kind.  Their  position,  the  mode  of  arrangement  of  their  mine¬ 
rals,  and  even  the  nature  of  these  minerals,  may  be  the  cause 
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of  this  difference.  The  phenomena  which,  according  to  what 
has  been  formerly  said,  can  be  regarded  as  nothing  else  but 
original  productions,  must  be  well  distinguished  from  those, 
which  are  consequences  of  changes  that  have  taken  place  in 
the  original  condition  of  the  repositories  themselves  and  of 
their  minerals.  To  the  former  belong  the  more  or  less  consider¬ 
able  beds  of  a  clayey  nature,  in  which  only  here  and  there,  either 
detached  imperfectly-formed  portions  of  the  rock,  or  at  least  of 
the  structure  of  the  mountain-masses  in  which  they  occur,  can  be 
recognised  ;  and  there  are  vein-like  repositories,  pretty  much  of 
the  same  description,  which  seem  to  be  filled  with,  as  it  were, 
softened  and  compressed  fragments  of  the  neighbouring  rock, 
and  which  are  generally  regarded  as  such  like  upfillings.  Al¬ 
though  the  connection  in  which  they  stand  with  the  pheno¬ 
mena  already  mentioned  points  to  a  different  origin,  we  find, 
almost  exactly  as  was  there  shewn,  repositories  of  both  kinds, 
which  consist  chiefly  of  clayey  materials,  from  which  hero  and 
there  more  compact  masses  have  as  it  were  been  separated, 
which  are  occasionally  metalliferous,  and  sometimes,  indeed, 
very  rich.  It  is  very  easy  to  judge  incon-ectly  regarding  the 
true  nature  of  such  formations,  to  regard  them  as  mechanical 
productions,  and  thus  to  be  deterred  from  prosecuting  their 
farther  investigation ;  and  hence,  also,  these  require  a  careful 
study. 

^  ^  ^  ^ 
Surface  relations  of  the  district  to  he  examined. — Since  the 
operations  directed  to  the  search  for  valuable  repositories  of 
useful  minerals  can  only  be  prosecuted  on  the  surface  of  rocks, 
that  surface,  in  which  such  investigations  are  to  be  carried  on, 
becomes  an  important  object  of  consideration  ;  and  is  even  the 
very  object  with  which  the  whole  business  is  to  commence. 
The  general  relations  of  the  surface  of  mountain-groups  are 
very  easily  made  out.  They  are  chiefly  founded  on  the  posi¬ 
tion  and  characters  of  the  valleys  and  the  elevations  included 
between  them.  Most  valleys,  or  at  least  the  most  important 
ones,  take  their  origin  in  the  highest  parts  of  the  mountain- 
groups,  frequently  in  the  numerous  ravines,  and  their  direc¬ 
tion  follows  the  declivity  of  the  group,  until  an  obstacle  oc¬ 
curs,  produced,  either  by  the  nature  of  the  rock,  or  by  the 
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structure  of  the  mountain-masses  and  their  position,  and  which 
does  not  allow  them  to  proceed  farther  in  that  direction, 
or  until  a  special  relation  occurs  to  cause  a  turning,  by  means 
of  which  the  previous  transverse  valley  is  converted  into  a 
longitudinal  valley,  and  now  the  structure  of  the  rock  or  moun¬ 
tain-masses  proceeds  in  a  parallel  manner,  instead  of  inter¬ 
secting  the  valley  as  formerly.  But  every  longitudinal  valley 
does  not  derive  its  origin  from  a  transverse  one.  The  longitudi¬ 
nal  valleys,  in  which  these  transverse  valleys  open,  that  do  not 
issue  at  the  foot  of  the  mountain-group  do  not  always,  through¬ 
out  their  whole  course,  retain  the  character  peculiar  to  them, 
of  running  parallel  to  the  structure  of  the  mountain-masses, 
but  sometimes  again  become  transverse  valleys  ;  and  hence  we 
cannot  conclude  from  the  course  of  a  valley  as  it  occurs  in  one 
tract  of  country,  as  to  its  course  in  another,  because,  as  has 
been  shewn,  that  course  is  susceptible  of  change  in  some  cases. 
It  will  appear  in  another  part  of  this  treatise,*  how  far  an  ac¬ 
quaintance  with  the  valleys  can  be  made  available  in  the 
search  for  repositories  of  useful  minerals. 

Of  the  elevations,  which,  if  not  produced,  are  yet  separated 
by  the  openings  forming  the  valleys,  the  high  mountain-ridge  is 
the  most  important.  It  determines  not  only,  as  the  water  shed, 
the  chief  stretch,  but  also  the  principal  form  of  the  whole  moun¬ 
tain-group,  and  besides,  for  the  most  part,  affords  a  very  good 
opportunity  of  forming  an  opinion  of  its  structure.  It  must  not 
bo  expected  that  what  has  been  previously  termed  the  central 
mass  constitutes  every  where  the  high  mountain-ridge,  for  this 
woidd  only  be  the  case  if  it  could  be  assumed  that  the  present 
external  form  of  the  mountains  had  been  the  original  one.  We 
frequently  find  that  the  high  mountain-ridge  is  composed  of 
slaty  mountain-masses,  while  the  granite  makes  its  appearance 
in  extensive  mountain-masses,  in  the  ridges  of  one  or  some 
times  of  both  declivities  of  the  mountain-group.  Nor  does  the 
high  mountain- ridge  always  include  the  greatest  heights.  The 
ridges  of  the  lateral  chains  likewise  afford  an  opportunity  for 
useful  observations,  and  they  not  unfrequently  present  exj)0- 
sures  of  those  mountain-masses  which  are  covered  on  the  de- 

*  Already  published  in  this  Journal,  vol.  xxviii.  p.  33-4. 
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clivities  and  in  the  valleys.  Particularly  striking  eminences, 
whatever  form  they  may  possess,  generally  exhibit  a  composi¬ 
tion  different  from  that  of  their  vicinity,  and  are  therefore 
worthy  of  notice ;  and  on  the  other  hand,  trough-shaped  hol¬ 
lows,  hasin-like  widenings  of  valleys,  contractions  of  valleys,  and 
similar  phenomena,  are  often  serviceable  in  enabling  us  to 
draw  useful  conclusions.  In  order  to  apprehend  at  one  glance 
the  necessity  of  the  accurate  consideration  of  the  superficial 
relations  ut  a  mountainous  tract,  which  is  in  the  course  of  in¬ 
vestigation  for  the  discovery  of  useful  minerals,  we  have  only 
to  reflect  that  the  external  form  is  founded  on  the  internal 
constitution  of  the  district,  and  is  the  consequence  of  the  uni¬ 
form  operation  of  a  general  cause. 

*  *  *  *  * 

Most  mountainous  tracts  possess  so  great  an  extent,  that  an 
investigation  like  that  before  us  can  with  difficulty  be  extended 
over  the  whole  at  the  same  time,  ami  hence,  in  most  cases,  it 
must  be  confined  to  a  particular  portion.  We  have  not  only 
to  obtain  a  knowledge  respecting  this  particular  part  as  re¬ 
gards  all  the  features  already  mentioned,  but  also  to  inform 
ourselves  fully  as  to  its  relations  to  the  whole,  and  to  ascertain 
sufficiently  its  position  relatively  to  the  high  mountain-ridge 
and  the  extent  it  occupies  of  the  mountain-ridges  which  pro¬ 
ceed  from  it.  It  is  not  only  useful,  but  in  many  cases  neces¬ 
sary,  to  go  over,  with  sufficient  minuteness,  the  neighbouring 
ridges  to  a  certain  extent,  and  also  the  valleys  belonging  to 
them,  or  by  which  they  are  separated  from  the  particular 
district  under  investigation,  in  order  by  this  method,  either 
through  the  means  of  already  existing  mining  operations,  or  a 
particularly  good  opportunity,  to  institute  observations,  to  ob¬ 
tain  indications,  and  to  direct  attention  to  objects,  which,  with¬ 
out  it,  might  probably  have  been  overlooked.  It  maybe  remark¬ 
ed  generally,  that  it  is  very  advisable,  before  the  commencement 
of  the  actual  examination  of  a  particular  district  of  a  moun¬ 
tainous  tract  of  country,  to  make  ourselves  as  fully  acquainted 
as  possible  with  the  whole  existing  mining  operations,  while 
these  reveal  a  series  of  phenomena,  regarding  which  we  can, 
even  in  the  most  fortunate  circumstances,  acquire  a  knowledge 
of  only  the  first  member,  by  the  study  of  the  external  rela- 
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tions.  It  is  superfluous,  with  a  view  to  the  preliminary  infor¬ 
mation  necessary  for  the  investigation  of  a  separate  part  of  a 
mountainous  tract,  to  go  into  greater  detail,  and  it  only  re¬ 
mains  for  us  to  mention  shortly  some  particulars  respecting  the 
characters  of  such  pieces  of  country  as  form  the  separating 
boundaries  of  different  mountain-tracts,  at  least  in  their  longi¬ 
tudinal  limits. 

*  *  *  *  * 

Characters  of  such  pieces  of  country  as  form  the  boundaries  of 
different  Mountain-tracts. — It  is  generally  a  difficult  matter  to 
define  with  precision  where  a  mountain-group  ends  and  the 
bounding  plains  begin.  The  rocky  masses  which  constitute  the 
one  and  the  others,  often  seem  to  be  connected  in  such  a  man¬ 
ner,  that  even  in  their  phenomena  of  superposition,  no  striking 
or  fixed  determinable  distinction  exists  ;  but  on  the  contrary, 
the  latter  follow  the  former  with  almost  the  same  features  of 
arrangement,  although  generally  with  a  smaller  inclination ;  and 
the  superficial  relations  are  so  gradually  changed,  that,  not¬ 
withstanding  their  great  difference,  they  pass  as  it  were  imper¬ 
ceptibly  into  each  other.  Sometimes,  however,  these  relations 
are  quite  of  another  description.  There  is  not  only  an  inter¬ 
ruption  as  it  were  in  the  sequence  of  the  rocky  masses,  inas¬ 
much  as  there  are  certain  masses  awanting  between  those 
that  are  present,  but  there  are  likewise  altered  relations  of 
superposition,  of  such  a  nature  that  the  mountain-masses  of 
the  plains  which  are  uniformly  arranged  in  respect  to  one 
another,  appear  in  a  certain  discordant  arrangement  as  re¬ 
gards  the  equally  uniformly  arranged  masses  of  the  moun¬ 
tains,  and  the  superficial  relations  are  suddenly  altered  in 
such  a  manner,  that  soft  low  districts,  only  traversed  by  flat 
elevations,  are  contiguous  to  tracts  which  are  precipitous  and 
lofty,  and  not  unfrequently  include  naked  rocks,  just  as  the  sea 
borders  on  abruptly  rising  cliffs.  But  this  determination  of 
boundaries,  as  well  as  the  more  detailed  account  and  explana¬ 
tion  of  the  difference  of  the  relations  on  the  one  and  the  other 
side  of  the  limit,  which  perhaps  is  greater  than  at  first  sight 
appeal’s,  may  reasonably  be  passed  over  here,  as  they  only  relate 
to  a  scries  of  mountain-masses,  viz.,  what  are  termed  the  se- 


4  i  M.  Mohs’  Summary  of.  Oeognostical  Phenomena. 

coiidary  rocks  ( Flotzgeiirge* ) ,  which,  leaving  aside  what  can¬ 
not  come  into  consideration  on  account  of  its  constitution,  con¬ 
sist  of  a  small  number  of  very  slightly  different  mountain 
rocks,  and  a  knowledge  of  whose  relations  of  superposition  can 
moreover  be  very  easily  acquired,  in  so  far  as  it  relates  to  the 
discovery  of  useful  minerals. 

The  secondary  rocks  consist  of  sandstones,  limestones  (in¬ 
cluding  what  are  termed  marls),  gypsum,  and  clay.  The  por¬ 
phyries,  syenites,  green.stones,  amygdaloids,  basalts,  and  other 
rocks,  which  were  formerly  included  among  the  secondary 
rocks,  but  are  at  present  regarded  by  most  geognosts  as  for¬ 
mations  of  a  peculiar  nature,  are  here  excluded  because  there 
is  little  or  nothing  to  be  sought  for  in  them. 

The  sequence  of  the  various  beds  constituting  the  so-termed 
rocks  of  the  secondary  series  has  been  enumerated  with  ex¬ 
treme  minuteness,  and  in  order  to  discover  in  this  sequence  a 
universal  regularity,  it  has  been  arranged  in  different  forma¬ 
tions,  whose  examination  and  thorough  investigation  form  the 
most  important  business  of  modern  geognosy.  There  is,  how¬ 
ever,  certainly  no  general  agreement  upon  the  subject ;  and 
whole  formations  and  rocks  are  referred  by  some  geognosts-  to 
the  secondary  series,  which  by  others  are  included  in  the  tran¬ 
sition  class.  In  order  to  reconcile  other  discrepancies,  what 
are  termed  equiealents  have  been  discovered  or  assumed ;  but, 
as  it  would  appear,  this  plan  has  rather  removed  the  object 
more  from  the  eye  than  brought  it  nearer. 

The  following  is  the  real  state  of  the  matter.  The  sequence 
of  the  individual  layers  of  the  secondary  rocks  is  constant,  in 
so  far  as  one  or  other  does  not  wedge  out,  or  in  so  far  as  the 
rock  in  the  course  of  its  continuation  does  not  become  con¬ 
verted  into  another,  as  is  very  often  the  case  with  what  are 
termed  primitive  and  transition  rocks  ;  and  they  are  never 
found,  either  entirely  or  partially,  much  altered  or  reversed. 

*  It  must  not  be  supposed  from  this,  that  the  secondary  rocks  arc  confined 
to  the  pliiins,  and  the  transition  and  primitive  rocks  to  the  actual  mountains, 
although,  certainly,  the  former  occur  more  frequently  in  the  lower  tracts  of 
country,  and  the  latter  in  the  liigher ;  and  it  must  also  not  be  forgotten  that 
the  division  of  mountain-masses  into  primitive,  tr.ansition,  and  secondary 
rocks  is  quite  arbitrary. 
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But  this  constancy  is  not  universal,  but  is  confined  to  indivi¬ 
dual,  often  very  extensive,  basins,  which  separate  the  moun¬ 
tainous  tracts  from  one  another,  and  consist  of  those  plains 
which  extend  between  them ;  and  it  sometimes  also  undergoes 
modifications  even  in  these.  It  is  possible  that  in  neigh¬ 
bouring,  or  even  in  widely  separated,  basins,  one  kind  of  se¬ 
quence  may  prevail  in  the  there  formed  mountain-rocks,  but 
experience  teaches  us,  that,  even  in  adjoining  districts  of  this 
kind,  this  sequence  is  more  or  less  ditferent ;  and  it  will  bo 
found  to  present  even  greater  differences  in  this  respect  as  our 
knowledge  of  it  becomes  more  extended,  and  when  the  eager¬ 
ness  to  find  again  in  other  tracts,  what  had  been  found  in  the 
normal  ones,  shall  have  lost  its  influence  on  observations.  This 
eagerness  has  produced  a  mode  of  reconciling  the  discrepancies, 
and  of  establishing  a  general  agreement  of  formations,  of  which 
it  is  necessary  to  say  something  in  this  place,  because  a  re¬ 
gard  to  it,  in  the  search  for  useful  minerals,  can  be  as  useful 
on  the  one  hand,  as  it  can  be  hurtful  on  the  other.  I  allude 
to  the  application  of  the  remains  of  organic  beings,  i.  e.  petri¬ 
factions  of  the  animal  and  vegetable  kingdoms,  to  the  deter¬ 
mination  of  formations,  or  generally  of  the  rocky  masses,  con¬ 
stituting  the  so-called  secondary  rocks. 

Estimate  of  the  value  of  Petrifactions  or  Fossil  Organic  re¬ 
mains  in  the  determination  of  Rockformations. — The  difficulty 
of  determining  the  formations  of  the  secondary  series  from 
purely  geognostical  characters  or  relations,  has  introduced 
the  necessity  of  taking  petrifactions  into  consideration,  in  or¬ 
der  to  remove  it.  Hut  the  agreement  of  the  relations  of  the 
rocks  and  of  superposition,  with  the  phenomena  of  the  fossil 
remains  of  organic  bodies,  has,  in  many  instances,  been  found 
to  be  so  slight,  and  so  many  important  contradictions  be¬ 
tween  the  two  have  been  signalised,  that  conclusions  have 
thence*  been  deduced  respecting  the  deceptive  nature  of  mine- 
ralogical  and  geognostical  characters  (not  their  deficiency  and 
imperfection)  ;  and  at  last,  in  such  determinations,  the  nature 
of  the  rock,  and  the  position  of  the  masses,  have  been  entirely 
thi’own  aside,  and  recourse  has  been  had  solely  to  petrifactions, 
and  the  field  of  geognosy  has  thus  been  entirely  forsaken.  Va- 

*  Bulletin  de  la  Socicte  Oeologique  de  France. 
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rious  extraordinary  results  have  thus  been  produced,  of  which, 
however,  it  is  not  necessary  to  cjuote  any  here.  For  it  requires 
no  examples  to  shew,  that  this  is  not  the  true  use  which  geo¬ 
gnosy  should  have  made  of  the  undoubtedly  extremely  remark¬ 
able  phenomena  of  the  occurrence  of  petrifactions  in  different 
mountain-rocks. 

The  following  incontestible  propositions,  which  ought  never 
to  be  left  out  of  view,  will  render  apparent  the  uncertainty, 
perhaps  the  impossibility,  of  determining  formations  by  means 
of  remains  of  organic  beings,  even  supposing  that  the  idea  of 
formations  were  applicable. 

1 .  The  existence  or  the  presence  of  remains  of  organic  bodies 
does  not  belong  to  the  essential  characters  of  mountain-masses ; 
and  it  is  only  from  such  that  formations  or  systematic  determina¬ 
tions  can  be  deduced,  if  these  are  to  possess  a  scientific  value,  and 
to  afford  a  safe  application.  The  determination  of  a  mountain- 
mass  remains  the  same,  so  long  as  that  mountain-mass  is  not 
altered  in  respect  to  the  nature  of  its  rock  and  of  its  relations 
of  superposition,  whether  it  should  contain  petrifactions  or 
not. 

2,  The  species  of  the  lower  classes  of  animals  are  not  yet 
determined  in  such  a  satisfactory  manner  as  to  enable  us,  at 
least  in  most  cases,  to  be  assured,  that  varieties  of  one  and  the 
same  species,  which  are  perceptibly,  but  not  specifically,  diffe¬ 
rent,  are  not  regarded  as  distinct  species,  perhaps  as  distinct 
genera.  This  remark  is  more  particularly  applicable  to  fossil 
remains,  because,  in  them,  several  of  the  characters  are  lost 
which  lead  to  the  determination  of  living  beings.  In  animals 
provided  with  shells,  of  whose  I’emains  the  most  important  use 
is  made,  there  are  only  separate  portions,  particularly  the  co¬ 
verings,  which  are  found  fossil ;  and  it  has  been  observed,  that 
very  different  beings  of  this  kind  inhabit  entirely  similar  shells, 
just  as  some  plants  of  different  species  or  genera  have  perfectly 
similar  leaves.  Moreover,  some  possessors  of  extensive  collec¬ 
tions  of  recent  and  fossil  shells  have  expected,  according  to 
their  own  confession,  that  the  number  of  species  would  be  mul¬ 
tiplied  in  proportion  as  their  collections  were  increased  ;  but 
they  have  found  that  the  reverse  was  the  case,  for  many  of  the 
species  have  turiu'd  out  to  bo  varieties  of  one  and  the  same 
species,  and  hence  have  been,  as  it  were,  blended  together. 
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At  present,  we  are  unable  to  jiulge  at  what  point  this  blend* 
ing  together  will  cease ;  and  hence  it  follows,  that  the  real 
species,  between  which  no  passages  take  place,  are  not  yet  as¬ 
certained.  But  ichen  the  mode  of  determination  is  not  get  satis¬ 
factorily  settled  in  a  science  (jiatural  history,  to  ichich palwontology 
belongs),  no  determinations,  if  they  are  to  he  deemed  satisfactory, 
ought  to  be  founded  upon  it  in  another  science  (that  of  geognosy 
ichich  takes  natural  history  for  granted,  without  belonging  to  it). 

3.  The  age  of  the  fossils  can  only  bo  ascertained  from  the 
age  of  the  mountain-masses  in  which  they  are  found ;  and  that, 
supposing  that  a  proper  idea  be  formed  of  the  subject,  can  only 
be  determined  from  the  relations  of  superposition  of  the  moun¬ 
tain-masses.*  But  when  the  relations  of  superposition  of  a 
mountain-mass  are  sufficiently  known  (the  nature  of  the  rock 
gives  rise  to  fewer  difficulties),  no  other  assistance  is  requisite 
for  the  determination  of  its  age,  that  is  of  the  formation  to 
which  it  belongs,  provided  the  idea  of  a  formation  actually  be 
a  reality,  which  is  here  supposed  and  assumed,  because  the 
present  place  is  not  suitable  for  entering  more  deeply  into  the 
subject. 

The  result  of  these  observations  is,  that,  in  the  search  for 
repositories  of  useful  minerals,  we  must  not  trust  to  determi¬ 
nations  of  this  kind,  viz.  to  determinations  of  certain  forma¬ 
tions  of  secondary  rocks  by  means  of  their  petrifactions.  I 
shall,  in  another  place,  speak  further  of  the  proper  and  legiti¬ 
mate  use  of  petrifactions  in  this  occupation. 

In  order  to  prosecute  successfully  the  search  for  valuable 
mining  repositories  in  secondary  rocks,  it  is  not  enough  to  bo 
well  aci]uainted  with  the  different  members  of  the  series  recog¬ 
nised  by  geognosts,  and  to  explore  them  when  they  are  present 
in  a  district ;  but  we  must  investigate  each  separate  bed,  or  each 
individual  rocky  mass,  to  whatever  formation  wo  may  be  in¬ 
clined  to  refer  it,  and  must  endeavour  to  discover  the  sequence 

•  Another  mode  of  procedure  for  accomplishing  the  determination  of  tlie 
relative  age  of  petrifaetions,  and  by  means  of  it,  of  formations  of  rocks,  that, 
namely,  by  observing  the  relations  of  the  remains  of  still  living  species  to 
those  of  the  extinct,  although  it  may  possess  value  in  speculative  geology, 
cannot  come  into  consideration  in  an  occupation  where  we  must  rely  on  di¬ 
rect  observation  alone. 
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of  all  in  the  tract  under  consideration.  AV e  must,  at  the  same 
time,  just  as  in  the  case  of  primitive  and  transition-rocks,  by 
no  means  assume  the  universal,  regular,  bed-like  form,  although 
it  occurs  more  frequently  here  than  in  these  rocks ;  and  wo 
must  not  regard  tabular  division  as  actual  stratification,  al¬ 
though  it  is  the  so-termed  secondary  rocks  in  which  actual 
stratification  presents  itself,  with  all  its  characteristic  features. 
It  is  well  known  regarding  gypsum,  that  it  frequently  occurs 
in  amorphous  irregular  masses,  but  limestone  and  sandstone, 
likewise,  are  met  with  in  that  manner ;  and  we  must  therefore 
attend  particularly  to  this  point,  because  the  contractions  or 
compressions,  standing  in  connection  with  such  widenings  or 
enlargements  of  size,  often  go  to  such  an  extent,  that  the  one 
or  the  other  rocky  mass  disappears,  at  least  for  certain  distances, 
and  does  not  make  its  appearance  where  it  would  be  expected, 
in  the  natural  order  of  succession  of  strata.  It  is  self-evident 
how  important  this  feature  is,  in  the  preparation  of  sections  of 
such  a  district. 

On  the  Bendings  and  Contortions  of  Strata. — Another  sub¬ 
ject  worthy  of  attention  is  that  of  the  frequent  bendings  and 
contortions,  partly  of  the  real  strata,  partly  of  the  mei’e  con¬ 
cretionary  portions,  from  which  arise  saddles,  troughs,  and 
some  other  similar  phenomena,  and  the  position  more  or 
less  approaching  to  the  perpendicular  of  the  already  men¬ 
tioned  tabular  divisions,  with  which  it  has  even  been  at¬ 
tempted  to  place  in  connection,  by  means  of  elevations  and 
tiltings,  the  invertion  of  the  usual  order  of  certain  moun¬ 
tain-masses.  If  it  be  desired  to  know  in  reality  the  nature 
of  such  phenomena,  it  is  necessary  for  the  observer  to  be 
without  prejudice,  and  without  bias  to  a  particular  theory, 
still  not  superficial,  or  inclined  to  suppose  that  he  sees  through 
the  thing  at  the  first  glance,  but,  on  the  contrary,  it  is  neces¬ 
sary  for  him  to  investigate  the  matter  from  the  foundation, 
and  without  regard  for  the  expenditure  of  a  certain  amount 
of  time ;  for,  when  one  single  such  relation  is  quite  thoroughly 
understood  (which  is  not  so  frequently  the  case  as  is  believ¬ 
ed),  it  may  not  only  be  the  cause  of  an  important  saving  of 
time,  but  also  the  source  of  important  discoveries.  Should 
such  phenomena  depend  merely  on  distinct  concretions,  we  have 
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already  seen  that  the  tabular  masses  are  united  with  no  form 
ami  with  no  position  and  direction,  and  their  alternation  cannot 
surprise  us,  how  often  soever  it  may  occur ;  the  only  thing, 
however,  which  is  to  be  attended  to,  is,  that  we  do  not  lose 
the  thread  of  the  connection.  Should  they  depend  on  strati¬ 
fication,  it  is  easy  to  determine  from  the  nature  of  the  rock 
whether  it  bo  of  crystalline  or  merely  mechanical  formation, 
and  from  other  circumstances,  if  the  strata  are  in  their  origi¬ 
nal  position,  or  if  they  are  in  an  altered  position,  as  actually 
seems  to  take  place  occasionally  in  the  secondary  rocks  under 
certain  circumstances;  and  we  thereby  obtain,  not  unfrequently, 
an  opportunity  of  accounting  naturally  and  satisfactorily  for 
such  phenomena,  from  the  accompanying  circumstances.  But 
should  thei’e,  in  fact,  be  an  inversion  of  the  order  of  the  rocky 
masses,  as  some  writers  at  least  assert  to  have  noticed,  then 
we  have  a  proof,  if  it  be  general,  of  what  has  been  stated  above, 
that  we  cannot  expect  to  find  the  rocky  masses,  in  reference 
to  their  mineral  composition  and  order,  in  one  of  the  specified 
basins,  precisely  the  same  as  they  occur  in  the  other ;  should 
it,  however,  be  only  partial,  then  the  undefined  order  and  re¬ 
petition  of  the  alternation,  the  wedging  out  of  some,  and  the 
change  of  rock  of  other  beds,  arc  impoi-tant  grounds  of  explana¬ 
tion,  which  must  previously  be  well  applied  ere  it  be  resolved 
to  suppose  and  assume  an  event  which  harmonises  but  little 
with  the  peaceful  course  of  nature.  This  seems  to  be  the  pro¬ 
per  place  to  quote  a  passage  from  Delius,*  in  which  that  sound 
and  experienced  miner  remarks,  “  I  must  here  remind  my  read¬ 
ers  that  great  care  must  be  taken  not  to  draw  general  rules 
from  one  single  observation  respecting  metalliferous  rocks,  be¬ 
cause  the  contrary  is  often  met  with  in  other  countries  and 
other  metalliferous  rocks.  I  must  also  caution  them  still  more 
to  beware  of  framing  speculative  ideas,  and  thus,  by  this  means, 
restricting  the  operations  of  nature ;  for,  on  the  contrary,  it  is 
necessary  here  to  lay  a  foundation  of  varied  observation,  and 
only  then  to  form  an  opinion  as  to  how  it  may  bo  supposed 
that  nature  may  have  operated.” 

■*  Second  edition,  part  1st,  page  56. 
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Trap  Dykes. — Another  circumstance  whicli  deserves  atten¬ 
tion  is,  that  rocky  masses,  which,  in  other  respects  lie  in  regU' 
lar  beds,  under  no  unusual  inclination,  and  in  regular  sequence 
over  and  under  one  another,  are  bounded  by  vertical  or  more 
or  less  inclined  planes,  so  that  their  strata,  or  the  tabular  masses 
into  which  they  are  separated,  meet  with  their  heads,  as  it  is 
generally  expressed.  This  phenomenon  is  explained,  and  with 
greater  appearance  of  probability  than  in  the  so-called  primi¬ 
tive  and  transition  rocks,  by  means  of  great  dislocations ;  and 
the  proof  of  the  correctness  of  this  explanation  is  found  in  this, 
that,  at  the  boundary,  a  substance  is  met  with  different  from  the 
rocks  of  both  the  mountain-masses,  and  which,  from  its  form  and 
other  characters,  has  the  aspect  of  having  been  formed  in  a 
fissure  which  had  been  produced  after  the  existence  of  these 
masses,  and  which  had  been  opened  previous  to  the  appearance 
of  the  separating  mass.  Greenstones  and  basalts  more  espe¬ 
cially,  but  likewise  rocks  which  are  regarded  as  of  mechanical 
origin,  occupy  these  fissures.  However  hasty  it  would  be  to 
reject  this  explanation,  yet,  on  the  other  hand,  it  must  like¬ 
wise  bo  remarked,  that  there  are  instances  of  this  kind  in  which 
there  is  no  rock  present,  separating  the  rocky  masses  at  their 
meeting,  and  even  no  fissure  or  distinct  concretion-surface,  but 
in  which  the  two  masses  actually  are  in  direct  contact,  are 
firmly  united  with  each  other,  and  even  so  pass  into  each  other, 
and  become  mutually  confounded,  that  we  are  not  able  to 
assign  a  fixed  boundary  between  them  ;  and  that  appearances 
present  themselves  which  are  less  for  than  against  this  expla¬ 
nation.  In  the  neighbourhood  of  Newcastle,  it  has  been  ob¬ 
served,  that  some  of  the  basalt  or  greenstone  veins  (whin- 
dykes),  notwithstanding  their  thickness  (amounting  to  as  much 
as  seven  fathoms),  do  not  traverse  the  beds  of  coal  with  which 
they  come  in  contact ;  and  Mr  Buddie,  one  of  the  most  intelli¬ 
gent  of  the  engineers  of  the  coal-mines,  remarks,  that  these 
and  other  facts  are  to  be  regarded  as  exceptions  from  the  gene¬ 
rally  received  opinion,  “  that  the  whin-dykes  are  formed  by 
the  eruption  of  basalt  from  fissures,  and  that  they  descend  to 
an  unascertained  depth.”  “  It  is  also  doubtful,”  he  adds,  “  if 
the  basaltic  dykes  which  traverse  the  coal-fields  of  Newcastle 
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cut  through  the  strata  in  unbroken  and  continuous  lines.”* 
If  we  were  not  more  concerned  here  with  the  use  of  these  phe¬ 
nomena  in  the  discovery  of  valuable  minerals  than  with  their 
explanation,  we  should  express  the  opinion  that  that  explana¬ 
tion  which  comprehends  all  these  facts,  and  hence  is  the  most 
generally  applicable,  is  also  the  most  natural  and  most  accep¬ 
table. 

Caution  in  regard  to  Shifts. — Another  phenomenon  would 
seem  to  have  been  confounded  with  what  we  have  been  describ¬ 
ing.  It  has  been  found  that  different  rocky  masses,  often  of 
very  considerable  size,  meet  together  in  the  direction  of  their 
strike,  without  our  having  an  opportunity  of  ascertaining  the 
exact  boundary,  and  the  conclusion  has  thence  been  also  de¬ 
duced,  that  there  exists  a  shift  of  immense  extent.  An  ac¬ 
quaintance  with  the  boundary  or  junction  would  have  taught 
the  observer  that  there  is  no  shift,  but,  on  the  contrary,  that 
the  usual  relations  of  superposition,  accompanied  by  transi¬ 
tions,  or  other  previously  mentioned  appearances,  present  them¬ 
selves. 

As  the  secondary  rocks  include  districts  which  are  bounded 
by  two,  or  perhaps  by  several  mountainous  tracts,  and  as  their 
relations  of  superposition,  especially  when  they  are  not  modi¬ 
fied  by  particular  relations  of  stnicture,  or  the  latter  taken  for 
the  former,  depend  upon  their  fundamental  rock,  it  hence  fol¬ 
lows,  that,  towards  the  base  of  the  mountains,  they  possess  a 
more  inclined  place  or  position,  and  their  outgoings  appear 
more  frequently  at  the  surface  than  in  the  interior  of  the  space 
they  occupy,  where  their  position  approaches  more  nearly  the 
horizontal,  and  where  sections  are  only  to  be  expected  in  con- 

*  “  As  the  ■whin-dyke,  previously  described,  does  not  pass  through  the 
Beaumont  coal-seam,  Mr  Buddie,  from  whom  the  particulars  are  derived, 
considers  that  this  and  other  facts  shew  it  to  be  an  exception  to  the  gene¬ 
rally  received  opinion,  that  whin-dykes  have  been  formed  by  the  basalt  in  a 
state  of  fusion,  having  always  been  forced  upwards  through  the  fissures  into 
the  stratification  from  below,  and  that  they  extend  to  an  indefinite  depth. 
It  is  also  doubtful  whether  those  basaltic  fissures  which  occur  in  various 
parts  of  the  Newcastle  coal-field  run  through  the  strata  in  uninterrupted 
and  continuous  lines.”  Vide  the  history  and  description  of  Fossil  Fuel, 
p.  165.  I’assage  from  the  Transactions  of  the  Natural  History  Society  of 
Newcastle.  1830. 
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sequence  of  particular  circumstances.  However,  this  is  not 
universally  the  case.  But  in  cases  where  it  is,  such  places,  viz. 
at  the  edges  of  the  basin,  are  the  best  suited  for  the  investiga¬ 
tion  of  these  rocks,  and  for  determining  their  succession  in  the 
basin.  At  the  same  time,  the  eminences  and  the  hollows 
constituting  the  valleys  are  not  to  be  neglected,  although  both 
in  such  tracts  are  generally  less  important  in  throwing  light 
on  the  subject,  than  in  actual  mountainous  districts. 

Ca»e  in  which  Fossil  Organic  Remains  may  be  used  for 
assisting  in  the  determination  of  formations. — It  is  quite  a  na¬ 
tural  consequence  of  the  constitution  of  the  so-termed  se¬ 
condary  series,  and  of  their  mode  of  superposition,  that  the 
thread  of  connection  is  easily  lost,  by  means  of  which  we 
can  hope  to  attain  a  true  knowledge  and  correct  apprehen¬ 
sion  respecting  them ;  for,  in  respect  to  their  rocks,  they  con¬ 
tain  but  little  variety,  as  they  chiefly  consist  of  limestones,  in¬ 
cluding  delomite,  and  of  sandstones ;  and  they  fre([uently  oc¬ 
cupy  a  horizontal  position,  and  one  of  their  rocky  masses  covers 
the  others  for  so  great  an  extent  that  we  can  see  notliing  of 
them,  and  can  ascertain  nothing  respecting  them  by  direct 
observation,  and  are  even  unable  to  form  a  correct  opinion  of 
the  overlying  rock,  because,  very  often,  this  can  only  be  done 
by  means  of  the  underlying  strata.  It  is  in  such  circumstances 
that,  among  other  auxiliaries,  which  cannot  often  be  applied 
without  some  hesitation,  petrifactions  may  be  of  the  ut¬ 
most  service ;  and  it  is  hence  indispensably  necessary  to  ob¬ 
serve  them  with  all  care.  But  this  is  the  only  use  which 
geognosy  can  or  ought  to  make  of  these  remains  of  organic 
beings  for  the  determination,  or  in  fact  for  the  recognition^ 
in  one  and  the  same  basin,  of  a  rocky  mass  which  had  been 
already  determined;  although  these  remains  are  likewise  of 
great  importance  in  other  scientific  respects,  which  cannot 
here  be  taken  into  consideration.  For  example,  if  we  ob¬ 
serve  a  certain  mass  of  limestone  in  its  succession  below, 
between,  or  above  other  rocky  masses,  and  properly  deter¬ 
mine  its  relations  of  superposition ;  and  if,  in  the  same  lime¬ 
stone,  we  find  certain  petrifactions  which  are  peculiar  to  it, 
and  are  generally  termed  characteristic ;  and  if,  in  the  same 
basin,  we  find  a  limestone,  whose  underlying  and  overlying 
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strata  cannot  be  ascertained,  but  discover  in  it  the  same 
fossils,  or  at  least  the  characteristic  ones,  which  had  been  met 
with  in  the  other,  we  may  thence  conclude,  with  tolerable  cer¬ 
tainty,  that  it  is  the  same  limestone,  and  assume  that  it  occurs 
in  the  same  order  in  which  it  was  observed  at  the  first  point. 
This  procedure  is  certainly,  in  all  points  of  view,  of  great  uti¬ 
lity  ;  but,  as  the  accurate  Delius  says,  we  must  beware,  or  at 
least  use  every  precaution, — that  is,  examine  the  relations  of 
superposition  with  ample  detail, — ere  we  assume  that  a  lime¬ 
stone,  which  has  been  observed  in  one  basin,  is  identical  (in  a 
geological  sense)  with  another  which  has  been  found  in  a  place 
which  is  remote  from  it,  that  is,  which  is  separated  by  whole 
groups  of  mountains ;  for  in  this  way  many  determinations 
have  been  made  which  are  not  only  uncertain,  but  are,  in  part, 
j)lainly  incorrect.  The  method  of  determining  rocky  masses 
by  their  fossil  remains  possesses,  it  is  true,  two  advantages, 
which  recommend  it  to  a  preference  as  compared  with  the  la 
borious  investigation  of  the  phenomena  of  superposition.  The 
first  is  its  great  convenience  ;  for  at  present  many  formations 
are  actually  determined  in  the  study.*  The  other  is  the  ap¬ 
pearance  of  learning  which  it  carries  along  with  it,  in  whose 
place,  however,  owing  to  the  recognition  and  employment  of 
the  connection  which  prevails  among  the  sciences,  there  is  often 
found  an  illogical  mixture  of  them.  But  it  is  to  be  expected, 
that  those  to  whom  is  assigned  and  intrusted  the  important 
and  serious  business  of  searching  for  valuable  repositories  of 
useful  minerals,  will  not  sacrifice  the  success  of  their  task  either 
to  that  convenience  or  to  that  semblance. 

Useful  Minerals  found  in  Secondary  Bocks. — The  useful  mine¬ 
rals  which  may  be  expected  in  the  so-termed  secondary  rocks 
are,  with  the  e.xception  of  a  few  which  seem  to  be  confined  to 
isolated  points,  coal,  rock-salt,  ironstone,  lead-glance,  calamine, 
and  some  copper-ores ;  .and  the  repositories  in  which  they  occur 
are  chiefly  in  the  form  of  beds. 

The  true  coal-formation  is  easily  recognised  by  its  composi¬ 
tion,  and  other  characters.  It  contains  the  best  and  most  pro¬ 
ductive  coals;  but  these  are  not  always  present  where  the  coal- 
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formation  exists.  On  the  contrary,  coal  occurs  in  limestones, 
in  sandstones,  and  in  some  other  rocks,  and  even  in  beds  of 
clay,  sand,  and  loam,  or  covered  by  these,  by  basalt,  and  simi¬ 
lar  mineral  matters ;  and  all  the  coals  that  are  found  under 
these  diversified  circumstances  are  not  of  the  same  nature  and 
(liiality.  Beds  of  coal  make  their  presence  more  readily  known 
than  beds  of  other  useful  minerals,  by  their  outcrop ;  but  still, 
it  is  seldom  the  case  that  their  true  nature  is  tliere  exhibited ; 
and  it  cannot,  therefore,  be  ascertained  at  such  points. 

Rock-salt  occurs  in  irregular  masses,  which  are  surrounded 
by  limestone  ;  but  it  likewise  forms  beds,  generally  of  great 
extent,  and  irregular  masses,  in  several  other  rocks,  to  which 
different  ages  are  assigned,  especially  in  sandstones  and  the 
newer  limestones.  Owing  to  its  easy  solubility,  it  is  seldom 
seen  on  the  surface  of  rocks  ;  but,  where  it  does  so  occur,  it 
presents  itself  in  whole  rocks,  which,  in  their  interior,  possess 
their  natural  characters,  but  on  the  surface  have  lost  more  or 
less  by  being  dissolved,  but  have  not  otherwise  sustained  any 
important  change.  The  rock  of  which  the  greater  part  of  the 
mass  of  the  irregular  repository  included  in  the  limestone  con¬ 
sists  (Das  Haselgebirge),  is  often  exposed  in  the  form  of  clay, 
mixed  with  gypsum.  Sic.,  but  under  these  circumstances  it  does 
not  always  contain  salt,  which  has  either  disappeared  by  solu¬ 
tion,  or  has  not  originally  been  present ;  for,  as  the  coal-for¬ 
mation  is  not  unfrequently  found  without  coal,  the  saliferous 
strata  often  occur  without  salt.  The  presence  of  rock-salt  is 
sometimes  made  known  by  the  salt  springs  which  originate 
from  it,  and  these  are  worthy  of  attention,  not  only  on  that 
account,  but  also  because  they  themselves  often  form  a  subject 
of  investigation. 

The  ironstones  which  occur  in  the  rocks  now  under  consi¬ 
deration  are  chiefly  brown  and  clay  ironstones,  including  un¬ 
der  the  latter  the  lenticular  clay  iron-ore,  and  the  pea  iron- 
ore,  none  of  which  are  confined  to  any  particular  rock,  excei)t 
the  pea  iron-ore  and  the  common  clay  iron-ore  (an  impiu'e 
variety  of  sparry  iron,  mixed  with  clay),  of  which  the  former 
is  generally  found  in  cavities  in  limestone,  and  the  latter  gene¬ 
rally  in  the  coal-strata.  Most  of  these  ironstones  betray  their 
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presence  by  their  colouring  properties,  and  their  discovery  is 
not  attended  with  great  difficulties. 

Lead-glance  and  calamine  are  chiefly  found  in  one  and  the 
same  kind  of  repositories  in  limestone  ;  and,  of  the  occurrence 
of  copper-ores  in  the  secondary  rocks,  the  copper-slate  of  Thu¬ 
ringia  and  Mansfeld  is  the  most  remarkable  and  the  most  in¬ 
teresting  example. 

In  this  short  summary  of  the  secondary  rocks  in  relation  to 
their  repositories  of  useful  minerals,  I  must,  in  conclusion,  add 
the  remark,  that  these  rocks  enter,  for  considerable  distances, 
the  valleys  of  the  primitive  and  transition  rocks,  which  extend 
to  the  plains,  and  that  rocks  of  the  same  kind  not  unfrequently 
occur  in  places  which  are  not  in  actual  connection  with  the 
plains.  Such  places,  as  well  as  the  generally  wide  valleys,  are 
in  this  respect  to  be  viewed  as  small  plains,  or  isolated  groups 
of  secondary  rocks,  whose  small  dimensions  facilitate  exceed¬ 
ingly  the  search  for  repositories  of  useful  minerals  ;  a  search 
which  requires  no  particular  directions. 

It  is  not  necessary  to  treat  particularly  in  this  place  of  the 
alluvial  and  tertiary  formations,  because  those  of  them  which 
appear  as  solid  rocks  are  to  be  treated  and  investigated  like 
the  secondary  series,  and  those  which  occur  as  loose  incohe¬ 
rent  masses  are  at  the  surface,  and  therefore  recpiire  no  par¬ 
ticular  preparation  for  their  discovery. 

On  the  Electricity  and  Explosive  Force  of  Steam,  and  on  the 

Economy  of  the  Hot-blast  Furnace.  By  Henry  Meikle, 

Esq.  Communicated  by  the  Author. 

Much  curiosity  has  lately  been  excited  by  the  electrical 
phenomenon  observed  in  the  condensation  of  the  steam  which 
escaped  from  a  high-pressure  boiler  at  Cramlington  Colliery, 
near  Newcastle,  and  which  was  briefly  this  :  The  engine-man, 
when  happening  to  be  standing  where  the  steam,  issuing  from 
a  leaky  joint,  was  condensing  into  a  cloud  about  his  legs,  put  his 
hand  to  the  lever  of  the  safety-valve,  and  instantly  experienced 
an  electrical  shock.  Scientific  men,  on  examining  this  phenome¬ 
non,  as  detailed  in  the  Philosophical  Magazine  forNovemberlast, 
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found  the  electricity  so  evolved  to  be  positive  ;  but  it  is  curious 
to  observe  how  inaccurately  in  other  respects  they  have  ex. 
pressed  themselves  regarding  the  phenomenon,  calling  it  “  the 
rapid  production  of  electricity  which  appears  to  accompany 
the  generation  of  steam,”  “  the  evolution  of  electricity  by  va¬ 
porization,”  and  “  the  evolution  of  electricity  during  the  con¬ 
version  of  water  into  vapour ;”  whereas  the  electricity  was 
evidently  evolved  by  a  process  just  the  very  reverse,  viz,  by 
the  sudden  change  of  transparent  steam  into  water  ;  for  a  cloud 
just  consists  of  minute  drops  of  water.  The  novelty  in  this 
case  seems,  after  all,  to  consist  chiefly  in  the  intensity  of  the 
electricity ;  for  the  evolution  of  positive  electricity,  when  trans¬ 
parent  aqueous  vapour  suddenly  assumes  the  form  of  a  cloud, 
had  been  so  often  observed  before  as  to  leave  little  doubt  that 
it  will  be  found  to  hold  universally  when  once  adequate  means 
have  been  devised  for  detecting  it ;  and  conversely,  that  steam, 
instead  of  evolving  electricity  at  its  formation,  must  then  ab¬ 
sorb  it  as  a  necessary  and  constituent  ingi’edient.  Dr  Faraday 
thinks  the  case  observed  at  the  Cramlington  colliery  “  brings 
us  much  nearer  to  the  electrical  phenomena  of  volcanos,  wa¬ 
ter-spouts,  and  thunder-storms  than  before  ;”  but  not  nearer, 
I  presume,  than  Mr  Espy’s  new  theory  (which,  as  noticed  in 
the  last  number  of  this  Journal,  I  had  published  near  a  dozen 
years  ago)  does ;  because  it  just  refei-s  these  phenomena  to 
the  evolution  of  electricity  by  the  sudden  condensation  of 
aqueous  vapour. 

Water  requires  a  higher  temperature  to  make  it  boil  in  a 
glass  vessel  than  in  one  of  metal,  and  in  the  former,  too,  it 
boils  more  violently,  probably  because  the  glass,  being  a  bad 
conductor,  cannot  so  well  supply  the  electi-icity  for  the  forma¬ 
tion  of  steam.  ^V"hen,  therefore,  the  lower  part  of  a  steam- 
boiler  becomes  incrusted  with  a  bad  conductor  of  electricity, 
the  temperature  may  be  raised  till  the  water  boil  so  violently, 
especially  under  the  feeble  pressure  of  the  imperfectly  formed 
steam,  as  to  reach  the  upper  parts  of  the  boiler,  which,  hav¬ 
ing  little  or  no  incrustation,  may  then  supply  the  electricity 
so  suddenly  lo  the  water  and  steam  already  at  a  high  tempe¬ 
rature,  as  to  increase  the  force  of  the  steam  to  a  degree  which 
occasions  a  violent  explosion  before  there  is  time  for  the  safety- 
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valve  being  acted  on,  or  giving  sufficient  vent  for  the  steam. 
But  this  I  only  mention  as  one  of  the  various  causes  to  which 
exj)losions  may  he  ascribed. 

Since  air,  whilst  it  expands  by  having  its  temperature  raised 
under  a  constant  pressure,  absorbs  a  considerable  portion  of 
latent  heat,  and  still  more  if  the  pressure  be  decreasing,  it  pro¬ 
bably  also  at  same  time,  like  steam,  absorbs  a  corresponding 
portion  of  electricity.  Now,  I  presume  it  is  on  this  principle 
that  we  are  to  seek  for  an  explanation  of  the  economy  of  the 
hot-blast  furnace.  When  cold  and  compressed  air  is  forcibly 
injected  into  the  fire,  the  fuel  and  bricks,  being  generally 
bad  conductors  of  electricity,  cannot  supply  it  with  sufficient 
promptitude  or  quantity  both  for  the  expansion  of  the  air 
and  for  the  formation  of  the  gaseous  products  of  the  combus¬ 
tion.  Hence,  the  process  proceeds  more  languidly  than  when 
the  air  has  been  previously  heated,  and  supplied  with  a  cor¬ 
responding  share  of  electricity. 

Address  to  (he  Geological  Societg,  delivered  at  the  Anniversarg, 
on  the  2\st  of  Februarg  1840.  By  the  Rev.  Professor  Buck- 
land,  1).  D.,  F.  R.  S.,  Corresponding  Member  of  the  Insti¬ 
tute  of  France,  President  of  the  Society.* 

POSITIVE  GEOLOGY. 

Devonian  Sgst^in. — In  the  Home  Department  of  Positive  Geology,  the 
most  striking  circumstance  lias  been  an  announcement  by  Professor  Sedg¬ 
wick  and  j\Ir  ilurchison  of  the  conclusion  to  which  they  were  led  by  Mr 
Lonsdale’s  suggestion  in  December  18.37,  founded  on  the  intermediate 
character  of  the  fossils  in  the  Plymouth  and  Torbay  limestone, — that  the 
greater  part  of  the  slatc-rocks  of  the  south  of  Devon  and  of  Cornwall  be¬ 
long  to  the  old  red  sandstone-formation. 

The  order  of  the  observations  which  have  led  to  this  important  result, 
is  nearly  as  follow? : — 

In  a  paper  read  at  Cambridge,  during  the  winter  of  183()-,37,  Professor 
Sedgwick  considered  the  fossiliferous  slates  on  both  sides  of  Cornwall  to 
be  of  the  same  formation,  and  coeval,  or  nearly  so,  with  the  calcareous 
rocks  that  lie  between  the  slates  of  South  Devon. 

In  183G  and  1837  also,+  Messrs  Sedgwick  and  Murchison  proposed  to 

*  The  biographical  part  of  the  Address  is  left  out,  owing  to  the  crowded  state  of 
the  present  number  of  the  Journal. — Kilit. 

t  In  August  18:36,  at  the  Meeting  of  the  British  Association  at  Bristol ;  and  in 
a  paper  read  before  the  Geological  Society,  May  and  June,  1837,  now  published  in 
the  Geological  Transactions,  Second  Series,  vol.  v.  Part  iii. 
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transfer  the  culmiferous  or  anthracitic  shale  and  grits  (Shillot  and  Dun- 
stone)  of  North  Devon  to  the  carboniferous  system  ;  withdrawing  them 
from  the  greywacke  in  which  they  had  before  been  included,  and  thus 
assigning  a  much  more  recent  date  than  heretofore  to  the  strata  which 
occupy  nearly  one-third  part  of  the  map  of  Devonshire. 

But  the  relations  of  the  slates  and  limestones  of  South  Devon  still  re¬ 
mained  to  be  determined  ;  the  mineral  characters  of  the  former  being  dif¬ 
ferent  from  those  of  the  old  red  sandstone  beneath  the  carboniferous  group 
in  many  parts  of  South  Wales  and  in  Herefordshire,  while  the  true  posi¬ 
tion  of  the  limestones  (e.  g,  those  of  Plymouth,  Torbay,  and  Newton 
Bushell)  was  doubtful.  At  this  period  (1837),  the  fossils  of  this  dis¬ 
trict  were  examined  by  Mr  Lonsdale  and  Mr  Sowerby,  to  whom  the 
organic  remains  both  of  the  carboniferous  and  Silurian  systems  were 
familiar.  It  wjis  soon  perceived,  that,  while  some  of  the  South  Devonshire 
fossils  approached  to  those  of  the  carboniferous  strata,  and  others  to  those 
of  Siluria,  there  were  still  manj’  species  which  could  not  be  assigned  to 
either  system  ;  the  whole,  taken  together,  exhibiting  a  peculiar  and  inter¬ 
mediate  palmontological  character.  Mr  Lonsdale  therefore  suggested,  that 
the  difficulties  which  had  perplexed  this  inquiry  could  be  removed  byre- 
garillng  the  limestones  of  South  Devon  as  subordinate  to  slaty  rocks,  which 
represent  the  old  red  sandstones  of  Hereford,  Wales,  Scotland,  and  Ire¬ 
land, — their  true  place  in  the  series  of  Devonshire  being  intermediate  be¬ 
tween  the  culmiferous  basin  of  North  Devon,  and  the  Silurian  strata, — if 
the  latter  exist  in  that  county. 

The  value  of  this  suggestion  was  not  at  first  appreciated  ;  but  after  the 
lapse  of  more  than  a  year,  Mr  Lonsdale’s  views  were  adopted  (March 
1839)  by  ^lessrs  Sedgwick  and  Murchison,^  who  soon  afterwards  applied 
this  new  arrangement  not  only  to  the  groups  of  Devonshire  originally  un¬ 
der  review,  but,  with  a  boldness  which  does  credit  to  their  sagacity,  ex¬ 
tended  it  to  the  whole  of  the  slaty  and  calciferons  strata  of  Cornwall,  till 
then  known  onlj’  as  greywacke,  clay-slate,  or  killas  ;  assigning  to  those 
strata,  likewise,  the  date  of  the  old  red  sandstone,  and  resting  this  deter¬ 
mination  entirely'  on  the  character  of  the  fossils.  This  change — the  great¬ 
est  ever  made  at  ont  time  in  the  classification  of  our  English  formations 
— was  announced  in  a  memoir  read  before  the  Geological  Society  in  April 

*  It  is  to  be  observed  here,  that  Mr  Murchison,  having  previously  shewn  that 
the  fossils  of  the  Silurian  era  are  distinct  from  those  of  the  carboniferous  period, 
had  also  pointed  out  “  the  vast  accumulations”  (in  which  few  fossils  had  at  that 
time  been  discovered)  “  then  known  to  separate  the  two  systems.”  He  mentions 
especially,  that  “  t\\e  fishes  of  the  old  red  sandstone —entirely  distinct  as  to  form 
and  species— are  as  unlike  those  of  the  Silurian  system,  as  they  are  to  those  of  the 
overlying  carboniferous  system  adding,  “  that  he  has  no  doubt,  although  at  pre¬ 
sent  unprovided  with  geological  links  to  connect  the  whole  series,  that  such  proofs 
will  be  hereafter  discovered,  and  that  we  shall  then  see  in  them  as  perfect  evidence 
of  a  transition  between  the  old  red  sandstone  and  carboniferous  rocks,  as  we  now 
trace  from  the  Cambrian,  through  the  Silurian,  into  the  old  red  system.” — See 
Silurian  Siistem,  p.  585,  line  22,  et  se<j. 
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1839 ;  the  authors  then  also  proposing  for  the  whole  series  (including  both 
the  old  red  sandstones  of  Herefordshire,  and  the  fossiliferous  slates  and 
limestones  of  South  Devon  and  Cornwall)  the  new  name  of  “  the  Devo¬ 
nian  system"  and  expressing  their  belief  that  many  of  the  groups  hitherto 
called  greywaeke,  in  other  parts  of  the  British  Islands  and  on  the  Conti¬ 
nent,  would  ere  long  be  referred  to  the  same  geologieal  epoch. 

The  proposed  alteration,  therefore,  will  terminate  the  perplexity  hitherto 
arising  from  the  circumstance  that  the  old  red  sandstone  of  Werner  has 
been  frequently  confounded  with  the  new  red  sandstone  formation  of  Eng¬ 
lish  geologists.  It  also  explains  the  cause  of  the  English  old  red  sand¬ 
stone  having  been  rarely  recognised  on  the  Continent : — for  if  the  Devo¬ 
nian  slates  afford  the  normal  type  of  this  formation,  whilst  the  marly  sand¬ 
stones  and  conglomerates  of  Herefordshire  are  abnormal  exceptions  in  it, 
we  see  the  reason  why  their  slaty  Continental  equivalents,  like  the  greater 
part  of  the  South  Devon  slates,  have  been  referred  to  the  undivided  Wer¬ 
nerian  formation  of  greywaeke. 

Mr  Austen,  in  a  communication  relating  to  the  structure  of  the  south 
of  Devon,  has  identified  the  calcareous  slate  and  limestone  of  the  south  of 
Cornwall  with  the  limestones  of  this  district,  and  considers  that  of  Tor- 
bay  among  the  newest  deposits  in  the  latter  series. 

The  Rev.  D.  Williams  also  has  eommunieated  two  papers  respecting 
these  disputed  rocks,  which  he  refers  to  the  transition  or  greywaeke  sys¬ 
tem,  and  endeavours  to  shew  that  the  strata  of  Devonshire  can  be  dis¬ 
tinguished  into  certain  groups  by  their  lithological  characters. 

Mr  De  la  Bechc,  in  his  map  of  Devon  and  Cornwall,  published  in  1839, 
has  adopted  divisions  of  the  strata  similar  to  those  of  Professor  Sedgwick 
and  Mr  Murchison  as  to  their  order  of  sequence  ;  applying,  provisionally, 
to  the  cuhniferous  rocks  the  name  of  Carbonaceous  series,  and  to  the  De¬ 
vonian  and  Cornish  slates  the  appellation  of  Greywaeke. 

We  know  also,  on  the  authority  of  Air  De  la  Beebe,  that  tin-mines  are 
worked  in  carbonaceous  rocks  at  Owlescomb,  near  Ashburton,  on  the  cast 
side  of  the  Dartmoor  granite,  and  on  its  west  side  at  Wheal  Jewel,  near 
Tavistock.  He  further  informs  us  that  one  of  the  richest  tin-mines  now 
worked  in  Cornwall,  namely  the  Charlestown  mine,  cast  of  St  Austle,  is 
in  a  fossiliferous  rock  containing  encrinites  and  corals,  and  that  the  same 
corals  occur  also  near  tin-mines  at  St  Just ;  and  in  the  neighbourhood  of 
Liskeard  the  Rev.  D.  Williams  has  found  slates  which  contain  vegetable 
impressions  dipping  under  other  slates  which  are  intersected  by  lodes  of 
tin  and  copper. 

From  these  new  facts,  we  learn  that  the  killas  and  other  slate-rocks  of 
Cornwall  and  the  south  of  Devon  do  not  possess  the  high  antiquity  which 
has  till  lately  been  imputed  to  them ;  and  that  tin  occurs,  as  copper,  lead, 
and  silver  have  long  been  known  to  do,  not  only  in  slate-rocks  that  con¬ 
tain  organic  remains,  but  even  in  the  coal-formation. 

Soon  after  the  publication  of  the  views  of  Messrs  Sedgwick  and  Mur¬ 
chison,  a  similar  change  was  applied  by  Mr  Griffith  to  the  south-west 
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portion  of  his  geological  map  of  Ireland.  In  a  paper  that  accompanied 
the  presentation  of  this  map  tons  on  22d  of  May  last,  he  states  that  he  has 
now  coloured,  as  old  red  sandstone  and  carboniferous  limestone,  exten¬ 
sive  districts  of  the  counties  of  Kerry,  Cork,  and  Waterford,  previously 
considered  of  higher  antiquity ;  imputing  his  former  erroneous  opinion 
to  the  identity  in  lithological  character  of  the  shales  and  grits  of  the  old 
red  sandstone  and  carboniferous  systems,  with  the  older  rocks  in  the 
transition-series. 

Jlr  Grifliths  has  also  demonstrated  by  sections  the  unconformahle  po¬ 
sition  of  the  carboniferous  and  old  red  sandstone-formations,  which  over- 
lie  older  and  more  highly  inclined  slates  in  the  counties  of  Kerry,  Cork, 
Waterford,  and  Wexford. 

Mr  Charles  William  Hamilton  has  likewise  adopted  similar  changes  ; 
and  believes  that  the  slates  which  occupy  a  large  space  between  the 
Mournc  Mountains  and  Dublin  arc  equivalebt  to  those  near  Cork,  which 
he  now  transfers  to  the  old  red  s-andstone. 

Mr  Greenough,  in  the  new  edition  of  his  map  of  England,  represents 
nearly  the  same  boundaries  and  order  of  succession  in  Devon  and  Corn¬ 
wall  as  we  find  in  the  maps  of  Mr  Dc  la  Beche  and  Messrs  Sedgwick  and 
Murchison ;  but  in  his  memoir  connected  with  the  map,  adopting  the 
name  of  Carbonaceous  series  for  the  culmiferous  rocks,  he  substitutes  that 
of  Upper  killas  for  the  Devonian  system  of  Sedgwick  and  Murchison  (in¬ 
cluding  under  that  term  the  old  red  sandstone  of  Herefordshire),  and 
Lower  kil/as  for  the  slates  inferior  to  the  Silurian  system,  which  they  have 
termed  Cambrian. 

Mr  Greenough,  in  his  memoir,  also  shews  by  quotations  from  Dr  Mac- 
Culloch,  that  the  undisputed  old  red  sandstone  of  the  north  of  Scotland 
exhibits,  at  intervals,  the  same  great  changes  of  mineral  character  that 
occur  in  the  strata  intermediate  between  the  carbonaceous  and  Silurian 
systems  in  the  west  of  England  and  on  the  borders  of  Wales ;  and  justly 
infers  the  inadequacy  of  any  one  term  to  characterize  formations  which 
vary  so  much  in  lithological  composition,  that  at  one  place  they  present 
the  condition  of  a  fine-grained  silky  slate,  at  another  of  sandstone,  and 
at  a  third  that  of  coarse  gravel  and  conglomerate  rock. 

Thus,  with  respect  to  the  slate-rocks  of  Devon,  Cornwall,  and  Wales, 
the  difficulties  are  reduced  to  those  of  an  unsettled  nomenclature ;  whilst 
nearly  all  parties  are  in  unison  as  to  the  fundamental  fact  of  referring  the 
slates  of  South  Devon  and  Cornwall  to  the  epoch  of  the  old  red  sand¬ 
stone-formation.  The  term  greywacke,  however,  I  rejoice  to  think,  will 
not  be  condemned  to  the  extirpation  which  has  been  threatened  from  the 
nomenclature  of  g'eology  ;  it  may  still  retain  its  place  as  a  generic  appel¬ 
lative,  comprehending  the  entire  transition-series  of  the  school  of  Frey- 
berg,  and  divisible  into  three  great  subordinate  formations  : — the  Devo¬ 
nian  system  of  Sedgwick  and  Murchison  being  equivalent  to  the  upper 
grey  wacke,  the  Silurian  to  the  middle  greywacke,  and  the  Cambrian  sys¬ 
tem  to  the  lower. 
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In  this  tlircefold  distribution  of  the  vast  series  of  strata  whieh  have 
hitherto  been  indiscriminately  designated  by  the  common  term  grey  wacke, 
we  arc,  as  it  were,  extending  the  progressive  operations  of  a  general  in- 
closure  act  over  the  great  common  field  of  geology  j  we  propose  a  divi¬ 
sion,  founded  on  measurements,  surveys,  and  the  study  of  organic  re¬ 
mains,  analogous  to  that  of  the  secondary  strata,  from  the  chalk  down¬ 
wards  to  the  coal-formation,  established  by  William  Smith,  and  to  the 
separations  of  the  once-undivided  territory  of  the  great  tertiary  system, 
effected  by  Cuvier  and  Brongniart,  Desnoyers,  Lycll,  and  Deshayes. 

To  the  uninitiated  in  geology,  rectifications  in  the  distribution  of  strata 
upon  so  large  a  scale  may  seem  calculated  to  shake  confidence  in  all  the 
conclusions  of  our  science ;  but  a  contrary  inference  w’ill  be  drawn  by 
those  who  know  that  these  corrections  have  never  been  applied  to  con¬ 
clusions  established  on  the  sure  foundation  of  organic  remains,  but  to 
those  rocks  only  of  which  the  arrangement  h;id  been  founded  on  the  un¬ 
certain  character  of  mineral  composition. 

Coal- Formation. — The  Society  has  received  from  Professor  Ansted  a 
paper  on  the  carboniferous  and  transition  rocks  of  Bohemia,  a  country 
which  he  visited  last  summer,  directing  especial  attention  to  the  district 
between  Prague,  Luditz,  and  Pilsen,  whieh  he  has  illustrated  by  sections 
made  from  personal  observation.  Above  the  fundamental  granite  and 
gneiss  he  found  extensive  deposits  of  greywacke,  on  which  lie,  in  uncon- 
formable  superposition,  disconnected  patches  of  the  coal-formation.  The 
age  of  this  coal  is  well  known,  from  the  fossil  flora  of  Count  Sternberg, 
who  resided  in  the  midst  of  it  near  Swina,  to  be  identical  with  tliat  of 
the  great  coal-formation  of  England.  Mr  Ansted  gives  information  also 
as  to  the  action  of  trap-rocks  in  producing  disturbances  of  the  strata  in 
this  district ;  and  respecting  dislocations,  by  which  the  greywacke  is  se¬ 
veral  times  placed  on  a  level  with  the  coal-measures,  whilst  in  some  cases 
the  strata  are  inverted  and  the  coal-measures  laid  beneath  the  greywacke. 

We  have  received  an  interesting  communication  from  Mr  Hawkshaw 
respecting  a  remarkable  disclosure  made  in  the  Bolton  railway,  six  miles 
north  of  Manchester,  of  five  fossil  trees  in  a  position  vertical  to  the  plane 
of  the  strata  in  which  they  stand.  The  roots  are  imbedded  in  a  soft  ar¬ 
gillaceous  shale  immediately  under  a  thin  bed  of  coal.  Near  the  base  of 
one  tree,  and  beneath  the  coal,  more  than  a  bushel  of  hard  clay  nodules 
was  found,  each  inclosing  a  cone  of  Lepidontrohus  variubilis.  The  bark 
of  the  trees  was  converted  to  coal,  from  one- quarter  to  three-quarters  of 
an  inch  thick ;  the  substance  which  has  replaced  the  interior  of  the  trees 
is  shale  ;  the  circumference  of  the  largest  of  them  is  154  feet  at  the  base, 
74  at  the  top,  and  its  height  11  feet.  One  tree  has  spreading  roots,  four 
feet  in  circumference,  solid  and  strong.  By  the  care  of  Mr  Hawkshaw 
these  trees  have  been  preserved,  and  a  covering  is  erected  over  them. 
The  attendant  phenomena  seem  to  shew  that  they  grew  upon  the  strata 
that  lie  immediately  beneath  their  roots. 

Mr  Barber  Beaumont,  in  a  communication  respecting  these  same  trees. 
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considers  that  no  drifted  plants  occur  in  coal-fields,  and  that  all  the  ve¬ 
getables  which  are  now  converted  into  coal,  grew  upon  swampy  islands 
covered  with  luxuriant  vegetation,  which  accumulated  in  the  manner  of 
peat-bogs ;  that  these  islands,  having  sunk  beneath  the  sea,  were  there 
covered  with  sand,  clay,  and  shells,  till  they  again  became  dry  land,  and 
that  this  operation  was  repeated  in  the  fonnation  of  each  bed  of  coal.  In 
den3  ing  altogether  the  presence  of  drifted  plants,  the  opinion  of  the  au¬ 
thor  seems  erroneous ;  universal  negative  propositions  arc  at  all  times 
dangerous,  and  more  especially  so  in  geology :  that  some  of  the  trees 
which  are  found  erect  in  the  coal-formation  have  not  been  drifted,  is,  1 
think,  established  on  sufficient  evidence ;  but  there  is  equal  evidence  to 
shew  that  other  trees  and  leaves  innumerable  which  pervade  the  strata 
that  alternate  with  the  coal,  have  been  removed  bj'  water  to  considerable 
distances  from  the  spots  on  which  they  grew.  Proofs  are  dailj’  increasing 
in  favour  of  both  opinions :  viz.  that  some  of  the  vegetables  which  formed 
our  beds  of  coal  grew  on  the  identical  banks  of  sand,  and  silt,  and  mud 
which,  being  now  indurated  to  stone  and  shale,  form  the  strata  that  ac¬ 
company  the  coal ;  whilst  other  portions  of  the  plants  have  been  drifted 
to  various  distances  from  the  swamps,  savannahs,  and  forests  that  gave 
them  birth,  particularly  those  that  arc  dispersed  through  the  sandstones, 
or  mixed  with  fishes  in  the  shale-beds. 

The  cases  are  ver^"  few  in  which  I  have  ever  seen  fossil  trees,  or  any 
smaller  vegetables,  erect  and  petrified  in  their  native  place.  The  cyca- 
dites  and  stumps  of  large  coniferous  trees  on  the  surface  of  the  oolite  in 
Portland,  and  the  stems  of  equisetaceous  plants  described  by  Mr  Mur¬ 
chison  in  the  inferior  oolite-formation  near  Whitbv’,  and  erect  plants 
which  I  have  found  in  sandy  strata  of  the  latter  formation  near  Alencon, 
are  examples  of  steins  and  roots  overlaid  by  sediment  and  subsequently 
petrified  without  removal  from  the  spots  in  which  thej’  grew.  At  Bal- 
graj',  three  miles  north  of  Glasgow,  I  saw,  in  the  j'ear  1824,  as  there  still 
may  be  seen,  an  unequivocal  example  of  the  stumps  of  several  stems  of 
large  trees  standing  close  together  in  their  native  place  in  a  quarry-  of 
sandstone  of  the  coal-formation. 

In  a  paper  on  the  sinking  of  the  surface  over  coal-mines,  Mr  Buddie 
has  shewn  that  the  depressions  produced  on  the  surface  bj’  the  excavation 
of  beds  of  coal  near  Newcastlc-on-T^ne  arc  regulated  by  the  depth  and 
thickness  of  the  coal,  the  nature  of  the  strata  above  it,  and  also  the  par¬ 
tial  or  total  extraction  of  the  beds  of  coal.  The  accumulation  of  water 
forming  ponds  in  these  superficial  depressions,  and  the  sinkings  of  a  rail- 
waj’,  have  afforded  accurate  measures  of  the  amount  of  the  subsidences 
in  question. 

Weatden  and  Portland  Formations. — In  the  north  of  Germ.any,  Mr  Roe- 
mer  of  Hildesheim  has  identified  beneath  the  cretaceous  system  the  Pur- 
beck  stone  and  beds  of  the  W ealden  formation,  with  nearly  all  its  charac¬ 
teristic  shells,  and  three  minute  species  of  Cv'pris.  lie  has  also  found  the 
Portland  sand,  and  the  upper  and  lower  green  sand  and  the  Gault  clay. 
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in  the  north  of  Germany.  He  hiis,  moreover,  found  the  Wealden  forma¬ 
tion  near  Bottingen  in  the  High  Alps, 

Chalk- For  mat  ion. — In  extension  of  our  knowledge  of  the  chalk-forma¬ 
tion,  the  Rev.  J.  Gunn  has  sent  us  a  short  communication,  accompanied 
by  a  lithograph  representing  the  columnar  disposition  of  some  Paramou- 
dras,  to  the  height  of  many  feet,  one  above  another,  in  the  chalk  of  Nor¬ 
folk.  The  history  of  these  enormous  urn-shaped  flints,  which  were  first 
noticed  by  Professor  Buckland  in  an  early  volume  of  our  Transactions, 
first  series,  vol.  iv.,  p.  413,  pi.  24,  is  still  involved  in  much  obscurity. 
Their  form  is  most  probably  due  to  siliceous  matter  collected  around,  and 
penetrating  throughout,  the  substance  of  gigantic  spongiform  bodies ;  but 
we  have  yet  to  learn  the  reason  why  they  are  occasionally  placed  in  single 
vertical  rows,  almost  like  the  joints  of  a  basaltic  column,  sometimes  nearly 
touching,  but  not  articulating  with,  one  another. 

A  paper  has  been  read  by  Mr  Henry  Hawes  Long  on  the  occurrence  of 
numerous  subterraneous  chasms  or  swallow-holes  in  the  chalk  on  the  west 
of  Farnham,  with  observations  on  the  drainage  of  the  country  near  the 
west  extremity  of  the  highl^'-inclined  ridge  of  chalk  called  the  Hog’s 
Back,  between  Guildford  to  Farnham.  The  land-springs  immediately  on 
the  north  of  Farnham  descend  southwards  in  open  gulleys  over  tertiary 
strata,  until  they  arrive  at  the  narrow  band  of  chalk  which  passes  under 
Farnham  Park,  where  they  are  suddenly  engulfed  in  transverse  fissures 
or  swallow-holes,  through  which  they  pass  under  ground  to  a  consider¬ 
able  distance,  and  again  break  forth  on  the  southern  side  of  the  chalk. 
Seven  of  these  swallow-holes  occur  near  Farnham,  from  some  of  which 
the  water  emerges  in  sufficient  force  to  turn  a  mill.  They  are  probably 
connected  with  subterranean  faults  and  transverse  fractures,  the  origin  of 
which  was  coeval  with  the  elevation  of  the  narrow  band  of  chalk  which 
forms  the  Hog’s  Back,  and  which,  near  Farnham,  is  inclined  at  a  high 
angle  to  the  north.  The  water  that  now  passes  through  the  Farnham 
swallow-holes  may  tend  to  enlarge  the  chasms  through  which  it  takes  its 
subterraneous  course,  by  dissolving  slowly  the  chalk  of  their  sides  in  the 
small  quantities  of  carbonic  acid  which  rain-water  usually  contains. 

Similar  transverse  fractures,  on  a  greater  scale,  have  given  origin  to  the 
chasms,  which,  being  enlarged  by  denudation  into  transverse  vallej’s,  af¬ 
ford  outlets  through  the  high  escarpment  of  the  chalk  to  the  rivers  that, 
rising  within  the  Weald,  flow  through  the  escarpment  of  the  North  Downs 
into  the  valley  of  the  Thames,  and  through  the  escarpment  of  the  South 
Downs  into  the  sea,  viz.  to  the  Wey,  the  Mole,  the  Darent,  the  Medway, 
and  the  Stour,  through  chasms  in  the  North  Downs  ;  and  to  the  Arun,  the 
Aduz,  the  Ouse,  and  the  Cuckmerc,  through  chasms  in  the  South  Downs. 

Dr  Mitchell  has  communicated  a  paper  on  Artesian  and  other  wells,  in 
the  gravel  and  London  clay  in  Essex,  shewing  that  water  occurs  under 
the  London  clay  at  various  depths,  the  deepest  at  Foulness  Island  being 
4(50  feet.  He  attributes  this  inequality  in  part  to  unevenness  in  the  sur¬ 
face  of  the  subjacent  chalk.  On  reaching  the  chalk  a  large  volume  of 
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water  usually  rushes  up.  Artesian  wells  arc  now  general  in  Essex,  where 
they  are  of  the  greatest  utility  in  districts  that  have  no  natural  springs. 
He  also  gives  an  interesting  list  of  localities,  both  of  constant  and  inter¬ 
mitting  springs,  some  of  them  very  powerful,  that  burst  out  from  the 
chalk. 

Dr  Mitchell  has  also  communicated  an  account  of  deleterious  gases  that 
occur  in  wells  in  the  chalk  and  strata  above  it  near  London.  The  most 
abundant  of  these,'  namely,  carbonic  acid  gas,  issues  very  partially  and 
only  from  certain  strata,  and  produces  sometimes  effects  fatal  to  persons 
employed  in  digging  wells.  Sulphuretted  hydrogen  is  occasionally  met 
with  in  chalk ;  and  both  sulphuretted  hydrogen  and  carburetted  hydro¬ 
gen  occur  in  beds  immediately  above  the  chalk. 

Supercretaceous  Formations. — In  illustration  of  the  history  of  the  eocene 
division  of  the  tertiary  strata,  Mr  Bowerbank  has  concluded,  from  his  per¬ 
sonal  observations  at  White  Cliff  Bay  in  the  Isle  of  Wight,  that  there  are 
no  well-defined  zoological  distinctions  between  the  London  and  plastic 
clays,  but  that  in  the  cliffs  of  this  baj'  the  same  shells  are  common  to 
alternations  of  these  clays  with  one  another.  At  Alum  Bay  also  he  found 
many  London  clay  fossils  in  beds  of  grecnish-grej’  sand  and  clay  below 
the  variegated  sands  and  clays  referred  by  Mr  W'ebster  to  the  plastic 
clay.  A  similar  rectification  was  some  time  ago  proposed  by  Professor 
Sedgwick. 

W^e  have  also  witnessed,  during  the  past  j'ear,  the  commencement  of  a 
valuable  publication  by  Mr  Bowerbank  on  the  fossil  fruits  and  seeds  of 
the  London  claj',  illustrated  with  very  numerous  and  accurate  engrav¬ 
ings  by  Mr  James  Sovverby. 

The  great  attention  the  author  has  long  paid  to  the  remains  of  fruits 
and  seeds  which  occur  in  such  vast  abundance  in  the  Isle  of  Sheppey, 
whence  he  has  collected  not  less  than  25,000  specimens,  place  him  in  a 
position  peculiarly  advantageous  for  the  object  before  him.  In  this  work 
drawings  will  be  given  of  the  anatomical  structure  of  many  of  these  fos¬ 
sils,  as  seen  under  the  microscope.  The  simple  expedient  Mr  Bower¬ 
bank  has  adopted  of  preserving  these  fruits  in  jars  of  water  has  kept  him 
in  the  entire  possession  of  every  specimen  ever  placed  in  his  collection  ; 
whilst  the  thousands  of  similar  fossils  that  have  been  deposited  in  other 
collections,  including  that  at  the  British  Museum,  nearly  all  have  perished 
from  the  decomposition  of  the  iron-pyrites  with  which  they  are  always 
penetrated. 

Mr  Lyell  has  communicated  to  us  a  paper  full  of  elaborate  detail  of 
facts,  and  of  ingenious  speculations  respecting  the  boulder  formation,  or 
drift,  associated  with  fresh- water  deposits,  in  the  mud  cliffs  of  Eastern 
Norfolk.  These  cliffs  arc  in  some  places  400  feet  high,  and  consist  of  chalk, 
crag,  fresh-water  deposits,  drift  mud  and  sand,'stratified  and  unstratified  ; 
— with  superficial  accumulations  of  flint  gravel.  The  centre  of  his  ob¬ 
servations  is  tlic  town  of  Cromer  ;  he  considers  the  boulder  formation  to 
have  been  accumulated  on  land  permanently  submerged,  and  not,  by  one 
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or  many  transient  advances  of  water  over  dry  land,  and  therefore  pro¬ 
poses,  as  Mr  Murchison  and  others  have  already  done,  to  substitute  the 
term  of  Drift  for  that  of  Diluvium,  which  many  other  writers  have  as¬ 
signed  to  it.  The  drift,  or  diluvium,  is  of  two  kinds :  one  composed  of 
sand,  loam,  clay,  and  gravel,  all  regularly  stratified ;  the  other  consist¬ 
ing  of  clay,  not  divided  into  beds,  and  containing  boulders  of  granite, 
trap,  and  other  rocks. 

This  clay  is  known  on  the  east  and  north-east  coast  of  Scotland  by  the 
name  of  Till.  He  considers  the  stratified  drift  and  till  to  be  eontempo- 
raneous  formations,  and  compares  the  latter  to  moraines  formed  at  the 
termination  of  glaciers.  He  imagines  that  drifted  masses  of  ice,  charged 
with  earthy  matter  and  fragments  of  rock,  may  have  deposited  the  till  as 
they  melted  in  still  water,  and  the  occasional  intercalation  or  juxtaposi¬ 
tion  of  stratified  materials  is  ascribed  to  the  action  of  currents  on  mate¬ 
rials  also  falling  from  melting  icebergs. 

Mr  Lyell  refers  the  complicated  bendings  and  tortuous  foldings  of  many 
beds  of  this  formation  near  Mundesley  and  Cromer  to  lateral  pressure 
from  drifting  ice,  especially  where  extremely  contorted  beds  repose  upon 
undisturbed  and  horizontal  strata.  But  he  admits  that  some  of  them  may 
be  due  to  landslips  of  ancient  date,  and  which  had  no  connection  with 
the  present  line  of  clifls.  At  the  bottom  of  the  boulder-formation,  and 
immediately  above  the  chalk,  extensive  remains  of  a  buried  forest  occur, 
the  stools  of  the  trees  being  imbedded  in  black  vegetable  earth.  From 
the  position  of  this  forest,  a  vertical  subsidence  of  several  hundred  feet 
and  a  subsequent  rise  of  the  land  to  the  same  amount  is  inferred.  This 
forest  and  a  bed  of  lignite  are  connected  with  fluviatile  or  lacustrine  de¬ 
posits,  which  occur  about  the  level  of  low  water  below  the  drift ;  but  at 
Mundesley  they  are  partly  above  it,  and  the  fresh- water  shells’  which  they 
inclose,  being  nearly  all  of  British  species,  shew  that  they,  as  well  as  the 
contemporaneous  drift,  all  belong  to  the  newer  pliocene  period. 

In  an  address  formerly  delivered  from  this  chair,  in  1836,  and  in  a  sub¬ 
sequent  edition  of  his  “  Principles  of  Geology,”  as  well  as  in  his  “  Ele¬ 
ments,”  Mr  Lyell  has  called  our  attention  to  some  difTerences  of  opinion 
which  had  been  expressed  by  several  eminent  conchologists  as  to  the 
number  of  fossil  shells  of  the  crag  of  Norfolk  and  Sufiblk  which  could  be 
identified  with  living  species.  So  great  was  the  discordance  of  the  re¬ 
sults  at  which  M.  Deshayes,  Dr  Beck,  and  others  seemed  to  have  arrived, 
that  their  announcement  was  calculated  materially  to  impair  our  confi¬ 
dence  in  the  applicability  of  the  chronological  test  so  much  relied  on  by 
Mr  Lyell,  for  the  classification  of  the  tertiary  formations  ;  namely,  that 
derived  from  the  proportional  number  of  recent  and  extinct  species  disco¬ 
verable  in  each  deposit.  In  the  hope  of  arriving  at  some  definite  conclu¬ 
sion  on  this  important  point,  Mr  Lj’ell  visited  Norfolk  and  Sufiblk  during 
the  last  year,  and  having  obtained  a  considerable  collection  from  the 
crag  near  Norwich  and  Southwold,  he  instituted,  with  the  assistance  of 
Mr  Searlcs  Wood  and  Mr  George  Sowerby,  a  thorough  comparison  be- 
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tween  them  and  recent  species.  The  fossil  shells  of  this  formation,  which 
the  author  calls  the  Norwich  Crag,  are  partly  marine,  and  partly  fresh¬ 
water,  and  indicate  a  fluvio-marine  origin,  and  the  proportion  of  living 
speeies  was  found  to  be  between  60  and  60  per  cent.  This  deposit, 
therefore,  the  author  refers  to  the  older  pliocene  period.  A  similar  exa¬ 
mination  was  then  made  of  230  species  of  shells  from  the  red  crag  in  Mr 
Wood’s  museum,  and  it  was  found  that  69  agreed  with  living  species,  be¬ 
ing  in  the  proportion  of  about  30  per  cent.  This  group,  therefore,  Mr 
Lyell  ascribes  to  the  miocene  era.  A  collection  of  345  species  of  coral¬ 
line  crag  shells  in  Mr  Wood’s  cabinet  was  then  compared  in  like  manner, 
and  67  were  determined  to  be  identical  with  recent  species,  being  about 
19  per  cent.  Mr  Lyell,  therefore,  considers  that  the  coralline  crag  is  also 
miocene,  although  belonging  to  a  more  remote  part  of  that  period  than 
the  red  crag.  Having  obtained  from  M.  Dujardin  a  collection  of  240 
shells  from  the  Faluns  of  Touraine,  he  found,  with  Mr  George  Sowerby’s 
assistance,  that  the  recent  shells  were  in  the  proportion  of  26  per  cent., 
so  that  he  has  now  come  round  to  the  opinion  long  ago  announced  by 
M.  Desnoyers,  that  upon  the  whole  the  crag  of  Suffolk  corresponds  in  age 
with  the  Faluns  of  Touraine,  both  being  miocene,  although  the  species 
in  the  two  countries  are  almost  entirely  distinct,  those  of  England  having 
a  northern,  and  those  of  France  a  sub-tropical  character.  I  am  also  in¬ 
formed  by  Mr  Lyell,  that  out  of  400  marine  and  fresh-water  species,  from 
the  eocene  strata  of  the  London  and  Hampshire  basins,  Mr  George 
Sowerby  was  scarcely  able  to  identify  two  per  cent,  with  living  shells. 
It  is  satisfactory,  therefore,  to  observe  that  the  test  of  age,  derived  from 
the  relative  approach  to  the  recent  fauna,  is  in  perfect  accordance  with 
the  independent  evidence  drawn  from  superposition.  We  ascertain,  for 
example,  by  superposition,  that  the  fresh-water  strata  of  the  mud  cliffs  of 
East  Norfolk  rest  on  Norwich  Crag,  and  are  the  newest  formation  of  all. 
They  are  then  followed  in  the  descending  series  by  1st,  the  Norwich  ; 
2dly,  the  red  ;  and,  3dly,  the  coralline  crag,  beneath  whieh  is  the  Lon¬ 
don  clay.  The  same  order  of  sequence  is  indicated  by  the  orgjinic  re¬ 
mains  considered  independently,  and  simply  with  reference  to  the  degree 
of  their  correspondence  with  the  existing  fauna. 

It  has  been  known  for  many  years,  that  near  Bridlington,  in  Yorkshire, 
sand  and  clay  containing  marine  tertiary  shells  had  been  exposed  on  the 
cojist.  From  an  examination  of  the  shells  collected  there  by  Mr  Bean, 
Mr  Lyell  finds  the  deposit  to  agree  in  age  with  Norwich  Crag. 

I  cannot  conclude  these  remarks  without  observing,  that  some  part  of 
the  confusion  and  apparent  inconsistency  of  the  opinions  of  different  con- 
chologists,  respeeting  the  age  of  the  crag,  must  have  arisen  from  the  in¬ 
termixture  of  fossils  derived  equally  from  the  Norfolk  and  Suffolk  beds, 
or  from  strata,  some  of  which  now  turn  out  to  be  referable  to  the  older 
pliocene,  others  to  the  miocene  period. 

From  an  examination  of  some  fossil  shells,  identical  with  recent  species 
collected  by  Capt.  Bayfield  from  the  most  modern  deposit  near  the  Gulf 
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of  St  Lawrence,  and  near  Quebec,  Mr  Lyell  infers  that  the  climate  of 
Canada  was  colder  than  now  during  the  era  immediately  antecedent  to 
our  own  times.  The  shells,  which  were  determined  by  Dr  Beck,  differ 
in  great  part  from  those  now  living  in  the  Gulf  of  St  Lawrence,  agree 
more  nearly  with  arctic  genera  and  species,  and  resemble  those  which  Mr 
Lyell  collected  at  Uddcvalla,  in  Sweden ;  whereas,  if  the  living  shells 
most  abundant  in  the  Swedish  and  Canadian  seas  are  contrasted,  they 
differ  almost  entirely.  From  notes  sent  by  Capt.  Bayfield,  it  appears 
that,  at  different  depths  in  the  stratified  sand  and  clay  containing  the  fossil 
shells,  near  Quebec,  insulated  boulders  are  numerous,  which,  it  is  pre¬ 
sumed,  have  been  brought  down  at  distant  intervals  by  drift  ice,  and  have 
dropped  to  the  bottom  of  the  sea  as  the  ice  melted. 

While  Mr  Lyell,  by  the  aid  of  Dr  Beck’s  determination  of  fossils,  had 
adopted  these  views  respecting  the  climate  of  Canada,  Mr  James  Smith 
of  Jordan  Hill  had  been  led  by  independent  observations  to  a  similar 
conclusion  respecting  the  climate  of  Scotland  during  the  newer  pliocene 
era,  arguing  from  the  arctic  character  of  the  testacea  found  in  the  raised 
beds  of  the  valley  of  the  Clyde,  and  other  localities.  In  the  first  of  two 
papers  communicated  by  this  author,  he  regarded  all  the  deposits  abound¬ 
ing  in  recent  shells  in  Scotland  and  Ireland  as  belonging  to  one  group  ; 
but  in  his  second  memoir  he  contends  that  there  are  two  distinct  forma¬ 
tions  on  the  Clyde,  in  the  older  of  which  there  are  from  ten  to  fifteen  per 
cent,  of  extinct  or  unknown  species  of  shells,  which  he  refers  to  the 
newer  pliocene  system  of  Lyell ;  whereas  all  the  species  found  in  the 
newer,  which  he  calls  post-tertiary,  exist  also  in  the  present  seas.  Dur¬ 
ing  this  post-tertiary  period,  which  is  considered  to  have  been  anterior 
to  the  human  epoch,  an  elevation  of  at  least  forty  feet  took  place  on  the 
shores  of  the  Clyde.  Mr  Smith  affirms  that  the  till,  or  unstratified  ac¬ 
cumulation  of  clay  and  boulders,  belongs  not  to  the  post-tertuiry,  but  to 
the  older  pliocene  division. 

Igneous  Rocks, — The  principal  communication  we  have  received  on 
rocks  of  igneous  origin  has  been  from  our  secretary  Mr  W.  1.  Hamilton, 
who  has  read  an  interesting  paper  on  the  north-west  part  of  Asia  Minor, 
from  the  Peninsula  of  Cyzicus  to  Koola,  with  a  description  of  the  Kata- 
kekaumene.  Between  Cyzicus  and  Koola  the  principal  stratified  rocks 
are  schist,  with  saccharine  marble,  compact  limestone  resembling  the 
scaglia  of  Italy  and  Greece,  tertiary  sandstones,  and  tertiary  limestones. 
The  igneous  rocks  are  granite,  peperite,  trachyte,  and  basalt.  The  ter- 
ti.ary  limestones  are  referred  to  the  great  lacustrine  formation  which  occu¬ 
pies  so  large  a  part  of  Asia  Minor.  Hot  springs  burst  forth  near  Singerli 
from  a  porphyritic  trap-rock.  The  Katakekaumene  is  a  volcanic  region, 
extending  about  seven  miles  from  north  to  south,  and  from  eighteen  to 
nineteen  east  and  west.  It  presents  two  systems  of  volcanic  craters  and 
coulees  :  the  older  of  them  are  placed  on  parallel  ridges  of  gneiss  and 
mica  slate,  and  the  newer  in  the  intervening  valleys ;  hence  he  argues, 
that,  when  the  latter  eruptions  took  place,  the  lines  of  least  resistance  to 
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subterraneous  expansion  were  in  the  valleys.  The  streams  of  lava  from 
the  more  recent  cones  are  bare  and  rugged,  like  the  coul»*es  in  central 
France.  Three  periods  of  eruption  are  traced :  the  first  having  produced 
basalt,  which  caps  the  plains  of  white  limestone,  and  was  ejected  before 
the  formation  of  the  valleys ;  the  second  marked  by  currents  of  lava 
from  the  more  ancient  system  of  volcanos  in  action  since  the  formation  of 
the  valleys ;  the  third  resembling  the  coulees  of  Etna  and  Vesuvius,  and 
mentioned  by  Strabo,  but  of  which  there  is  no  historical  tradition  as  to 
the  period  when  they  were  in  activity. 

We  have  a  notice  by  the  Rev.  W.  B.  Clarke  of  a  shower  of  ashes  that 
fell  on  board  the  Roxburgh  off  the  Cape  de  Verd  islands  in  February 
1839,  the  cause  of  which  was  not  apparent.  The  sails  were  covered  with 
a  fine  powder,  resembling  the  ashes  of  Vesuvius,  which  was  probably  de¬ 
rived  from  an  eruption  in  the  Cape  de  Verd  group. 

Palaontology. — In  the  department  of  Paletontology,  Prof.  Owen  has, 
during  the  past  year,  contributed  many  papers,  with  his  usual  zeal  and 
ability,  to  the  elucidation  of  this  most  essential,  and  perhaps  most  gene¬ 
rally  interesting  branch  of  our  subject.  At  the  head  of  these  we  must 
place  bis  determination  of  a  tooth  and  part  of  the  jaw  of  a  fossil  monkey, 
of  the  genus  macacus,  with  part  of  the  jaw  of  an  opossum,  and  the  tooth 
of  a  bat,  in  eocene  strata  of  the  English  tertiary  formation.  These  re¬ 
mains  were  found  at  Kingston,  near  Woodbridge  in  Suffolk,  by  Mr  Col¬ 
chester,  in  strata  which  Mr  Lyell  has  referred  to  the  London  clay ;  thus 
proving  the  existence  of  quadrumanous,  marsupial,  and  cheiropterous 
animals  in  this  country  during  the  eocene  period.  We  have  now  evi¬ 
dence  of  fossil  quadnimana  in  the  tertiary  formations,  not  only  of  India 
and  Brazil,  but  also  of  France  and  England  ;  respecting  which  Mr  Owen 
has  observed,  that  they  appear  under  four  of  the  existing  modifications  of 
the  quadrumanous  type :  viz.  the  tailless  ape  {Hylobates),  found  fossil  in 
the  South  of  France  ;  the  gentle  vegetable-feeding  Semnopithecus,  found 
fossil  in  India;  the  more  petulant  and  omnivorous  Macacus,  found  in 
Norfolk ;  and  the  platyrrhine  Callithrix,  found  in  Brazil.  This  genus  is 
peculiar  to  America,  and  its  extinct  species  is  of  more  than  double  the 
stature  of  any  that  exists  at  the  present  day.  This  geographical  distribu¬ 
tion  of  quadnimana  adds  further  weight  to  the  arguments  derived  from 
the  tropical  aspect  of  vegetable  remains  that  abound  in  the  London  clay  at 
Sheppey,  shewing  that  great  heat  prevailed  in  the  European  part  of  the 
world,  as  well  as  in  India  and  South  America,  during  the  eocene  period. 

The  probability  of  high  temperature  is  further  corroborated  by  Mr 
Owen’s  recent  recognition  of  four  petrified  portions  of  a  large  serpent 
{^Pakeophis  Toliapicus),  eleven  feet  long,  and  in  several  points  resembling 
a  boa,  or  python ;  and  also  of  a  bird  allied  to  the  vultures  {Lithornis 
vulturinus),  all  from  the  London  clay  of  the  isle  of  Sheppey ;  wherein  the 
occurrence  of  fossil  Crocodilians  and  Testudinata,  and  of  fossil  fruits, 
having  a  tropical  aspect  allied  to  cocoa-nuts  and  many  other  fruits  of 
palms,  has  been  long  known.  Can  we  account  for  these  curious  facts 
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without  supposiDg  that,  at  the  eocene  period  of  the  tertiary  epoch,  the 
very  clay  on  which  London  now  stands  was  in  the  condition  of  a  nascent 
spice-island,  its  shores  covered  with  basking  reptiles,  and  the  adjacent 
lands  waring  with  cardamoms  and  palms,  and  thuias  and  cypresses,  with 
monkeys  vaulting  and  gamboling  upon  their  branches,  and  gigantic  ser¬ 
pents  entwined  around  their  trunks  ;  the  seas  also  swarming  with  sting¬ 
rays  and  saw-lishes,  with  chimseras  and  enormous  sharks  ?  for  all  these, 
together  with  countless  shells  of  pearly  nautili,  occur  among  the  fossil  re¬ 
mains  of  the  numerous  extinct  species  of  fishes,  which,  during  the  early 
ages  4  the  tertiary  period,  crowded  the  tepid  seas  of  our  now  humid  and 
chilling  climate. 

Mr  Owen  has  also  determined  the  character  of  a  new  genus  of  pachy¬ 
dermatous  animal  {Hyotheriutn)  intermediate  between  the  Hyrax,  hog, 
and  Chseropotamus,  found  in  the  London  clay  at  Herne  Bay,  near  Mar¬ 
gate,  by  Mr  Richardson. 

Mr  Lyell  having  submitted  to  Mr  Owen  some  fossil  teeth  from  the  red 
crag  of  Newboume  in  SuflPolk,  they  proved  to  be  referable  to  the  leopard, 
bear,  hog,  and  a  large  kind  of  deer,  and  afibrd  the  first  example  of  mam¬ 
malian  remains  being  found  in  England  in  any  of  those  divisions  of  the 
crag  which  Mr  Lyell,  in  a  paper  already  alluded  to,  has  ascribed  to  the 
miocene  period :  these  genera  are  known  to  occur  in  the  miocene  for¬ 
mations  of  France  and  German}*.  The  numerous  mammalia  in  the  fluvio- 
inarine  crag  of  Norwich  are  decidedly  of  a  later  date ;  among  these  Mr 
Lyell  enumerates  the  teeth  and  jaw  of  Mastodon  longirostris,  a  tusk  of  an 
elephant  with  serpulse  attached,  and  bones  of  a  horse,  hog,  and  field- 
mouse  j  there  occur  bones  of  birds,  many  fishes,  and  numerous  shells, 
partly  marine,  and  partly  fresh-water  and  terrestrial. 

The  recent  discoveries  in  Brazil  by  Dr  Lund  of  extinct  mammalia,  that 
probably  lived  in  some  late  portion  of  the  tertiary  epochs,  form  a  new 
and  important  chapter  in  palaeontology.  The  largest  of  these  are  refer¬ 
able  to  more  gigantic  forms  than  at  present  exist  of  families  now  peculiar 
to  South  America — e.  g.  to  sloths  and  armadillos ;  just  as  most  of  the 
fossil  mammalia  of  New  Holland  belong  to  families  and  genera  which  are 
still  peculiar  to  that  country.  In  a  paper  on  one  of  these  animals  from 
Buenos  Ayres,  Mr  Owen  has  shewn  that  the  bony  armour,  which  several 
authors  have  referred  to  the  megatherium,  belongs  to  the  glj'ptodon,  an 
animal  allied  to  the  armadillo,  and  of  which  a  head  containing  teeth,  and 
attached  to  a  tessellated  bony  covering  of  the  body  and  tail,  resembling 
those  of  an  armadillo,  has  been  lately  found  near  Buenos  Ayres,  and  is 
figured  by  Sir  Woodbine  Parish  in  his  interesting  work  on  that  country, 
18.38. 

The  Glj-ptodon  difiered  from  the  megatherium  in  the  structure  and 
number  of  the  teeth,  and  from  all  known  armadillos  in  the  form  of  the 
lower  jaw,  and  the  presence  of  a  long  process  descending  from  the  z3go- 
ma  ;  and  approached  in  both  these  respects  to  the  megatherium.  The 
teeth  dificr  from  those  of  armadillos,  in  having  two  deep  grooves  both 
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on  the  outer  and  inner  surface^  are  more  complex  than  those  of  any  known 
edentate,  and  indicate  a  passage  from  that  family  into  the  toxodon. 
The  ungual  phalanges  are  wholly  unlike  tiiosc  of  the  Megatherium,  and 
most  nearly  resemble  those  of  Dasypus,  but  are  short,  broad,  and  flat, 
and  seem  to  have  been  covered  with  hoof-like  claws.  The  form  of  the 
foot  most  nearly  resembled  that  of  the  fore-foot  of  the  mole.  Having  ap¬ 
propriated  to  the  Glyptodon  the  armour  supposed  to  belong  to  the  me¬ 
gatherium,  Mr  Owen  next  proves  that  the  latter  animal  was  unprovided 
witli  any  such  bony  covering,  arguing  from  a  comparison  of  its  vertebral 
column  and  pelvis  with  that  of  the  armadillo ;  and  from  the  ab||Kice  of 
the  oblique  processes,  which  in  the  loricated  edentata  resemble,  as  to 
form  and  use,  the  tie-bearers  in  carpentry,  that  support  the  weight  of  a 
roof.  The  vertebral  conditions  of  the  Megatherium  are  nearer  to  those  of 
the  sloths  and  ant-eaters.  W e  have  accounts  of  twelve  skeletons  of  Me¬ 
gatherium,  not  one  of  which  was  found  to  be  accompanied  by  bony  ar¬ 
mour.  Cuvier  considered  the  Megatherium  more  neairly  allied  to  the  ant- 
eaters  and  sloths  than  to  the  armadillos. 

Captain  Martin  has  found  that  many  parts  of  the  bottom  of  the  English 
Channel  and  German  Ocean  contain  in  deep  water  the  bones  and  tusks 
of  elephants.  They  have  been  dredged  up  between  Boulogne  and  Dunge- 
ncss,  in  the  mid-sea  between  Dover  and  Calais,  and  at  the  back  of  the 
Goodwin  Sands  ;  also  midway  between  Yarmouth  and  the  coast  of  Hol¬ 
land.  In  1837,  a  fisherman  inclosed  in  his  net  a  vast  mass  of  bones  be¬ 
tween  the  two  shoals  called  Vam  and  Ridge,  that  form  a  line  of  subma¬ 
rine  chalk-hills  between  Dover  and  Calais.  Captain  Martin  says  these 
bones  do  not  occur  on  the  top  of  banks  or  shoals,  but  in  deep  hollows  or 
marine  valleys.  Sir  John  Trevelyan  possesses  the  molars  of  a  large  ele¬ 
phant  from  gravel  in  the  bed  of  the  Severn,  near  Watchet,  and  we  have 
long  known  that  the  bones  of  elephants  occur  in  great  abundance  in  the 
oyster  grounds  oflT  Yarmouth. 

In  subterranean  ornithology  three  Important  discoveries  have  been  made 
during  the  p.ast  year ;  the  first  in  the  eocene  formation  by  Professor 
Owen,  who  has  recognised  the  fossil  vulture  before  alluded  to  in  the  Lon¬ 
don  clay  of  Sheppey ;  the  second  by  Lord  Cole  and  Sir  P.  Egerton,  who 
have  acquired  from  the  chalk  of  Kent  the  humerus  of  a  bird  most  like 
that  of  an  albatross,  but  of  larger  and  longer  dimensions  ;  the  third  by 
Professor  Agassiz,  who  has  found  in  Switzerland  a  nearly  entire  skeleton 
of  a  small  bird  (not  unlike  a  swallow),  at  Claris,  in  the  indurated  blue 
slate-beds  of  the  lower  region  of  the  chalk-formation.  We  know  that  the 
bones  of  a  wader,  larger  than  a  heron,  have  been  found  by  Mr  Mantell 
in  the  Wealden  formation  of  Tilgate  Forest ;  and  that  the  Omithichnites 
in  the  new  red  sandstone  of  Connecticut  have  been  referred  to  seven 
species  of  birds. 

We  have  an  interesting  accession  to  our  knowledge  of  the  anatomy  of 
the  Ichthyosaurus  in  Mr  Owen’s  description  of  the  hinder  fin  of  an  Ichthyo¬ 
saurus  communis,  discovered  at  Barrow-on-Soar  by  Sir  Philip  Egerton  ; 


Pcdoeontology. 


71 


this  fin  distinctly  exhibits  on  its  posterior  margin  the  remains  of  cartila¬ 
ginous  rays  that  bifurcate  as  they  approach  the  edge  of  the  fin,  shewing 
in  this  respect  a  new  approximation  to  the  fin  of  a  fish,  and  more  fully 
justifying  the  propriety  of  the  name  Ichthyosaurus.  Traces  are  also  pre¬ 
served  of  scutiform  compartments  on  the  integument  of  the  fin.  It  is 
singular  that  this  structure  should  never  have  been  observed  in  any  of  the 
numerous  specimens  from  Dorset  and  Somerset  that  have  come  under  our  ' 
notice  ;  whilst  at  Barrow-on-Soar,  from  whence  the  paddle  in  question 
was  derived,  even  the  fibres  of  the  skin  and  folds  of  the  epidermis  are 
sometimes  accurately  retained.* 

Mr  Owen’s  first  part  of  his  report  on  fossil  Saurians,  read  at  the  British 
Association  at  Birmingham  in  August  last,  forms  the  commencement  of  a 
most  important  addition  to  the  history  of  extinct  reptiles.  His  recent 
investigations  in  odontography  have  also  supplied  to  the  geologist  a  new 
and  most  efficient  instrument  of  investigation,  enabling  him  to  distinguish 
genera  of  extinct  animals  by  the  microscopic  structure  of  their  teeth ;  and 
as,  of  all  fossil  remains,  the  teeth  are  the  parts  most  perfectly  preserved, 
and  in  the  case  of  cartilaginous  fishes  the  teeth  and  spines  are  general!}' 
the  only  parts  that  have  escaped  decomposition,  this  method  assumes  an 
especial  importance  in  fossil  ichthyology,  as  afibrding  exact  character- 
btics  of  animals  long  swept  from  the  surface  of  the  earth,  and  whose  very 
bones  have  been  obliterated  from  among  the  fossil  witnesses  of  the  early 
conditions  of  life  upon  our  planet.  By  this  microscopic  test  applied  to 
the  family  of  sharks,  Mr  Owen  has  confirmed  the  views  of  Agassiz,  re¬ 
specting  the  afiinities  between  the  living  cestracion  and  the  extinct  ge¬ 
nera  Acrodus,  Ptychodus,  Psammodus,  Hybodus,  Cochliodus  ;  in  the 
case  of  animals  also  of  the  higher  orders,  he  has  settled  the  much-dis¬ 
puted  places  of  several  extinct  gigantic  mammalia  by  the  same  unerring 
test.  Thus  he  has  .shewn  the  supposed  reptile  Basilosaurus  to  be  a  ceta¬ 
ceous  mammifer,  allied  to  the  dugong ;  the  Megatherium  to  be,  as  Cuvier 
hud  considered  it,  more  nearly  allied  to  the  sloth  than  to  the  armadillo  ; 
and  the  Saurocephalus  to  be,  as  Agassiz  had  supposed  it,  an  osseous  fish. 

Dr  Malcolrason,  in  a  memoir  on  the  old  red  sandstone  of  the  north  of 
Scotland,  has  done  important  service  in  shewing  that  the  rocks  composing 
that  group  are  divided  into  three  formations,  the  two  lower  of  which  are 
clearly  distinguished  from  each  other  by  their  fossil  fishes.  The  com- 
stone  or  central  formation  is  charged  with  numerous  remains  of  ichthy- 
olites,  including  Holoptychus  nobilinsimus,  a  new  species  of  Cephalaspis, 
and  other  forms  not  yet  described.  The  lower  division,  consisting  in  this 
region  of  conglomerates,  shales,  and  santlstonc,  is  characterized  by  the 
genera  Diptcrus,  Diplopterus,  Cheiracanthus,  &c.  of  Agassiz,  as  well  as  by 
the  occurrence  of  a  singular  ichthyolite,  which  seems  to  ofier  close  ana¬ 
logies  to  certain  forms  of  Crustacea.  By  help  of  these  ichthyolites,  the 
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author  has  been  enabled  to  connect  certain  strata  of  Orkney  and  Caith¬ 
ness,  and  determine  their  relations  to  the  beds  of  old  red  sandstone  con¬ 
taining  fossil  fishes  in  the  basin  of  the  Tay,  and  in  the  border  counties  of 
England  and  Wales,  where  they  had  been  described  by  Mr  Murchison. 

Mr  Williamson,  in  a  notice  on  the  fossil  fishes  of  the  coal-fields  of  York 
and  Lancaster,  says  that  these  coal-measures  are  very  rich  in  ichthyolites, 
which  abound  so  much  at  Middleton  colliery,  near  Leeds,  that  the  work¬ 
men  have  given  to  one  bed  the  name  of  Fish  Coal.  They  are  usually  in 
fine  bituminous  shale  above  and  below  the  coal,  and  most  frequent  in  the 
roof  immediately  above  it,  where,  as  at  Burdiehouse  near  Edinburgh, 
there  is  a  thin  seam  of  coprolitic  matter ;  they  are  rarely  mixed  with  any 
great  quantity  of  vegetable  remains.  In  the  lower  measures  of  Lanca¬ 
shire,  they  are  associated  with  Goniatites  and  Pectens ;  and  in  the  higher 
measures  of  Lancashire  and  Y orkshire,  with  fresh- water  shells  allied  to 
Unio,  and  with  Entomostraca.  Exact  observations  as  to  faets  of  this 
kind  are  of  inestimable  importance,  for  it  is  only  by  careful  induction 
from  a  sufficient  number  of  such  like  phenomena,  and  from  similar  details 
as  to  the  local  distribution  and  condition  of  animal  and  vegetable  remains 
in  the  marine  and  fluvio-marine  and  lacustrine  deposits,  which  compose 
the  carboniferous  series,  that  we  shall  arrive  at  a  solution  of  the  grand 
problem  of  the  formation  of  coal. 

Crustaceans. — The  Rev.  T.  B.  Brodie  h.as  discovered  in  the  Wealden 
formation  near  Dinton,  in  the  vale  of  Wardour,  the  remains  of  coleopte¬ 
rous  and  lu'menopterous  insects,  and  a  new  genus  of  isopodous  Crusta¬ 
cea  in  the  family  of  Cymothoidse.  The  Isopods  arc  clustered  densely  to¬ 
gether  ;  the  lenses  in  their  eyes  are  sometimes  preserved ;  there  are  also 
traces  of  legs,  but  of  no  antennee.  With  them  he  has  found  a  large  spe¬ 
cies  of  Cj  pris.  The  insects  are  chiefly  small  coleoptera ;  there  arc  seve¬ 
ral  species  of  dipterous,  and  one  homopterous  insect,  and  the  wing  of  a 
Libellula.  Mr  Brodie’s  discovery  is  the  first  yet  made  of  insects  in  the 
Wealden  formation,  and  also  the  first  example  in  a  secondary  formation 
of  isopods  that  approximate  in  form  to  the  trilobites  of  the  transition 
series. 

Worms. — An  addition  has  been  made  to  fossil  helmintology  by  Mr 
Atkinson  of  Newcastle-on-Tyne,  who  has  found  in  slabs  of  micaceous 
slaty  sandstone,  from  the  carbonaceous  series  near  Haltwhistle,  tortuous 
casts  of  vermiform  bodies  of  various  sizes,  some  almost  an  inch  in  diame¬ 
ter,  and  several  feet  in  length ;  the  surface  of  many  of  these  is  thickly 
marked  b}'  transverse  rings  and  a  longitudinal  groove,  similar  to  those  in 
the  largest  recent  marine  sand-worms,  e.  g.  the  Leodice  gigantea.  The  in¬ 
tegument  of  some  of  these  worms  containing  chitine,  like  the  covering  of 
insects,  seems  to  have  endured  long  enough  to  fix  impressions  of  the 
transverse  rings  upon  the  sand  ;  and  the  habit  of  swallowing  large  quan¬ 
tities  of  earth  and  sand,  which  we  observe  in  many  recent  worms,  may 
explain  the  presenee  of  the  large  portion  of  sand,  now  indurated  to  stone, 
which  occupies  the  interior  of  the  impression  of  the  skin.  Since  many 
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casts  are  found  upon  the  same  slab,  these  worms  must  have  been  very 
numerous  at  the  bottom  of  the  sea,  when  the  sandstone  was  in  process  of 
formation.  Similar  impressions  of  annelids  on  the  Cambrian  rocks 
are  figured  by  Mr  Murchison  in  pi.  27  of  his  great  work  on  the  Silurian 
System. 

Ichnology. — About  twelve  years  ago  we  witnessed  the  creation  of  a  new 
department  in  geological  investigations,  viz.  the  science  of  ichnology, 
founded  on  the  evidence  of  footsteps  made  by  the  feet  of  animals  upon 
the  ancient  strata  of  the  earth ;  this  new  method  commenced  with  the  re¬ 
cognition  of  the  footmarks  of  reptiles  on  the  new  red  sandstone  near 
Dumfries,  and  not  long  after  (1834)  was  followed  by  most  curious  and 
unexpected  discoveries  in  Saxony  and  America.  The  Chirotherium  of 
Hcssberg  and  Omithichnites  of  Connecticut  were  among  its  early  results. 
Our  own  country  has,  during  the  last  two  years,  been  abundantly  produc¬ 
tive  of  similar  appearances  in  many  localities. 

In  recent  excavations  for  making  a  dock  at  Pembray,  near  Llanelly,  in 
Pembrokeshire,  tracks  of  deer  and  of  large  oxen  have  been  found  on  clay 
subjacent  to  a  bed  of  peat,  the  lower  peat  being  moulded  into  the  foot¬ 
steps  ;  similar  impressions  were  also  found  upon  the  upper  surface  of  the 
peat  beneath  a  bed  of  silt,  and  bones  both  of  deer  and  oxen  in  the  peat 
itself.  Footmarks  of  deer  have  been  also  noticed  in  Mr  Talbot’s  excava¬ 
tions  for  a  harbour  near  Margara  burrows,  on  the  east  of  Neath. 

Near  Liverpool  Mr  Cunningham  has  successfully  continued  his  re¬ 
searches,  begun  in  1838,  respecting  the  footsteps  of  chirotherium  and 
other  animals  in  the  new  red  sandstone  at  Storeton  Hill,  on  the  west 
side  of  the  Mersey.  These  footsteps  occur  on  five  consecutive  beds  of 
clay  in  the  same  quarry,  the  clay-beds  are  very  thin,  and  having  received 
the  impressions  of  the  feet,  afforded  a  series  of  moulds  in  which  casts  were 
taken  by  the  succeeding  deposits  of  sand,  now  converted  into  sandstone. 
The  casts  of  the  feet  are  salient  in  high  relief  on  the  lower  surfaces  of  the 
beds  of  sandstone,  giving  exact  models  of  the  feet  and  toes  and  claws  of 
these  mysterious  animals,  of  which  scarcely  a  single  bone  or  tooth  has 
yet  been  found,  although  we  are  assured  by  the  evidence  before  us  of  the 
certainty  of  their  existence  at  the  time  when  the  new  red  sandstone  was 
in  process  of  deposition. 

F urther  discoveries  of  the  footsteps  of  Chirotherium  and  five  or  six 
smaller  reptiles  in  the  new  red  sandstone  of  Cheshire,  Warwickshire, 
and  Salop,  have  been  brought  before  us  by  Sir  P.  Egerton,  Mr  I.  Taylor 
jun.,  Mr  Strickland,  and  Dr  Ward. 

Air  Cunningham,  in  a  sequel  to  his  paper  on  the  footmarks  at  Storeton, 
has  described  impressions  on  the  same  slabs  with  them,  derived  from 
drops  of  rain  that  fell  upon  thin  laminae  of  clay  interposed  between  the 
beds  of  sand.  The  clay  impressed  with  these  prints  of  rain  drops  acted 
as  a  mould,  which  transferred  the  form  of  every  drop  to  the  lower  sur¬ 
face  of  the  next  bed  of  sand  deposited  upon  it,  so  that  entire  surfaces  of 
several  strata  in  the  same  qu.nrry  are  respectively  covered  with  moulds 
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and  casts  of  drops  of  rain  that  fell  whilst  these  strata  were  in  process  of 
formation. 

On  the  surface  of  one  stratum  at  Storeton,  impressed  with  large  foot¬ 
marks  of  a  chirotherium,  the  depth  of  the  holes  formed  by  the  rain 
drops  on  different  parts  of  the  same  footstep  has  varied  with  the  unequal 
amount  of  pressure  on  the  clay  and  sand,  by  the  salient  cushions  and  re¬ 
tiring  hollows  of  the  creature’s  foot ;  and,  from  the  constancy  of  this 
phenomenon  upon  an  entire  series  of  footmarks  in  a  long  continuous 
track,  we  know  that  this  rain  fell  after  the  animal  had  passed.  The 
equable  size  of  the  casts  of  large  drops  that  cover  the  entire  surface  of 
the  slab,  except  in  the  parts  impressed  by  the  cushions  of  the  feet,  record 
the  falling  of  a  shower  of  heavy  drops  on  the  day  in  which  this  huge  ani¬ 
mal  had  marched  along  the  ancient  strand ;  hemispherical  impressions  of 
small  drops,  upon  another  stratum,  shew  it  to  have  been  exposed  to  only 
a  sprinkling  of  gentle  rain  that  fell  at  a  moment  of  calm. 

In  one  small  slab  of  new  red  sandstone  found  by  Dr  Ward  near 
Shrewsbury,  we  have  a  combination  of  proofs  as  to  meteoric,  hydrostatic, 
and  locomotive  phenomena,  which  occurred  at  a  time  incalculably  re¬ 
mote,  in  the  atmosphere,  tlie  water,  and  the  movements  of  animals,  and 
from  which  we  infer  with  the  certainty  of  cumulative  circumstantial  evi¬ 
dence,  the  direction  of  the  wind,  the  depth  and  course  of  the  water,  and 
the  quarter  towards  which  the  animals  were  passing ;  the  latter  is  indicated 
by  the  direction  of  the  footsteps  which  form  their  tracks ;  the  size  and 
curvatures  of  the  ripple-marks  on  the  sand,  now  converted  to  sandstone, 
shew  the  depth  and  direction  of  the  current ;  the  oblique  impressions  of 
the  rain  drops  register  the  point  from  which  the  wind  was  blowing,  at  or 
about  the  time  when  the  animals  were  passing. 

Demonstrations  founded  solely  upon  this  kind  of  circumstantial  evi¬ 
dence  were  duly  appreciated,  and  are  well  exemplified,  by  the  acute  au¬ 
thor  of  the  story  of  Zadig  ;  who,  from  marks  he  had  noticed  on  the  sand, 
of  its  long  ears,  and  teats,  and  tail,  and  from  irregular  impressions  of  the 
feet,  declared  the  size  and  sex,  recent  parturition  and  lameness,  of  a  bitch 
he  had  never  seen  ;  and  who,  from  the  sweeping  of  the  sand,  and  marks 
of  horse-shoe  nails,  and  a  streak  of  silver  on  a  pebble  that  lay  at  the  bot¬ 
tom  of  a  single  footstep,  and  of  gold  upon  a  rock  against  which  the  animal 
had  struck  its  bridle,  inferred  that  a  horse,  of  whose  existence  he  had  no 
other  evidence,  had  recently  passed  along  the  shore,  having  a  long  switch 
tail,  and  shod  with  silver,  with  one  nail  wanting  upon  one  shoe,  and  hav¬ 
ing  a  bridle  studded  with  gold  of  twenty  carats’  value. 

In  addition  to  the  commencement  of  Mr  Bowerbank’s  publication  on 
the  fossil  fruits  and  seeds  of  the  London  clay,  before  alluded  to,  we 
have  hailed  with  satisfaction  the  announcement  by  Professor  Henslow 
and  Mr  Hutton,  of  their  intended  continuation  of  the  fossil  flora  of 
Great  Britain,  conducted  for  some  years  by  Dr  Liudley  and  Mr  Hutton, 
and  lately  suspended. 

A  dictionary  of  the  terms  and  language  of  geology  has  long  been  a  de- 
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sideratum  to  young  students,  to  whose  early  progress  the  technical  terms 
of  the  science  have  hitherto  presented  formidable  impediments.  This 
want  has  been  recently  supplied  by  two  publications  of  this  kind,  one  by 
Mr  George  Roberts,  author  of  the  History  of  Lyme  Regis ;  the  other  by 
Dr  Humble. 

During  the  last  year  the  society  has  received  no  communication  on 
mineralogy ;  and  almost  the  only  volume  that  has  been  published  in  Eng¬ 
land  on  this  much-neglected  subject,  has  been  a  small  but  highly  elabo¬ 
rate  treatise  on  crystallography  by  Professor  Miller,  of  the  University  of 
Cambridge.  In  this  treatise  the  author  has  adopted  the  crystallographic 
notation  proposed  by  Professor  Whewell  in  his  paper  on  a  general  method 
of  calculating  the  angles  of  crystals,  and  the  laws  according  to  which  they 
are  formed,  published  in  the  Transactions  of  the  Royal  Society  of  London, 
1825 ;  and  Professor  Neuman’s  method  of  indicating  the  positions  of  the 
faces  of  a  crystal  by  the  points  in  which  radii,  drawn  perpendicular  to 
the  faces,  meet  the  surface  of  a  sphere.  The  expressions  which  have  been 
thus  obtained  arc  remarkable  for  their  symmetry  and  simplicity,  and  are 
all  adapted  to  logarithmic  computation,  and  for  the  most  part  new. 


Geological  Notes  made  during  a  Journey  from  the  Coast  into 
the  Interior  of  the  Province  of  Ceara,  in  the  North  of  Brazil, 
embracing  an  Account  of  a  Deposit  of  Fossil  Fishes.  By 
George  Gardner,  Ksq.,  of  Glasgow.  Communicated  by 
J.  E.  Bowman,  Esq.,  of  Manchester. 

T HE  knowledge  of  the  fact  that  but  little,  if  any  thing,  of 
the  geology  of  this  province  has  hitherto  been  made  known, 
induces  me  to  offer  the  following  sketch  of  those  parts  of  it 
which  I  have  visited,  drawn  up  from  the  daily  notes  of  my 
journal.  However  imperfect  it  may  be,  I  trust  that  it  will 
not  he  altogether  useless,  as  it  gives  at  least  a  general  idea 
of  the  structure  of  a  part  of  this  great  empire,  which,  so  far 
as  I  can  learn,  has  never  before  been  visited  by  any  of  the 
many  naturalists  who,  for  the  last  twenty  years,  have  at  various 
times  traversed  other  portions  of  it. 

The  province  of  Ceara,  which  is  situated  between  the  third 
and  eighth  degrees  of  south  latitude,  and  the  thirty-seventh 
and  forty-first  of  west  longitude,  is  bounded  by  the  sea  to  the 
north  ;  by  the  provinces  of  Rio  Grande  do  Norte,  and  Parahi- 
ba  to  the  east ;  by  that  of  Pernambuco  to  the  south  ;  and  to 
the  west  by  a  low  mountain  range  which  divides  it  from  the 
great  inland  province  of  Pianhy.  I  landed  at  the  north-east 
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corner  of  the  province  at  the  town  of  Aracaty,  which  is  situ¬ 
ated  on  the  east  bank  of  the  Rio  Jaguaribe,  at  three  leagues 
from  the  coast.  The  first  thing  that  struck  me  on  my  arrival 
was  the  flatness  of  the  country  around  it,  reminding  one  of 
the  descriptions  which  are  given  of  the  pampas  of  Buenos 
Ayres.  With  the  exception  of  a  few  low  sand-hills  towards 
the  sea,  and  a  round  isolated  one  about  800  feet  high,  situ¬ 
ated  two  and  a  half  leagues  to  the  south-west  of  the  town, 
called  the  Serra  de  Arere,  these  is  nothing  to  interrupt  the 
uniform  level.  The  soil  for  many  leagues  around  is  of  a  sandy 
nature,  and  the  characteristic  vegetation  is  a  beautiful  species 
of  palm  called  Carnahuba  by  the  Brazilians.  It  is  the  Corg- 
pha  cerifera  of  Martins,  and  is  so  abundant  that,  on  my 
journey  south  to  the  Villa  do  led,  I  rode  for  about  two 
days  through  a  forest  of  almost  nothing  else.  Two  and  a 
half  leagues  to  the  south  of  Aracaty,  I  first  met  with  rocks. 
This  was  on  crossing  the  river  at  a  place  called  the  Passagem 
das  Pedras.  I  found  them  to  consist  of  thin  strata  of  gneiss, 
almost  in  a  vertical  position.  The  little  inclination  which 
they  had  was  towards  the  north-west,  in  the  direction  of  the 
above-mentioned  Serra  de  Arere.  From  this  place  to  the 
villa  do  San  Bernardo,  a  distance  of  a  little  less  than  eight 
leagues,  the  country  continues  perfectly  flat,  but  the  ground 
among  the  Carnahuba  palms,  and  in  several  large  open  spaces 
almost  destitute  of  vegetation,  called  vargims,  is  covered  with 
abundance  of  gravel;  and  this,  w  hich  extends  over  large  tracts, 
gives  it  the  appearance  of  the  dried-up  bed  of  an  immense 
river.  Intermingled  with  this  gravel,  there  are  numerous  boul¬ 
ders  of  various  sizes,  the  largest  I  saw  not  being  more  than 
four  feet  high.  They  are  all  more  or  less  rounded,  and  con¬ 
sist  of  granite,  gneiss,  and  quartz.  For  the  next  ten  leagues 
the  country  continues  nearly  of  the  same  character,  with  the 
exception  of  a  low  range  of  gravelly  hills,  running  from  east  to 
west,  and  wooded  with  shrubs  and  small  trees,  the  most  com¬ 
mon  of  which  is  a  species  of  Mimosa.  During  the  next  ten 
leagues,  a  slight  but  perceptible  rise  of  the  country  takes 
place.  The  soil  is  generally  a  yellow-coloured  clay,  in  many 
places  thickly  covered  with  gravel  and  boulders,  while  in  others 
gneiss-rocks  are  seen  cropping  out,  and  forming  often  long 
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slightly  elevated  ridges  covered  with  a  species  of  Cactus,  and  a 
large  Bromelia.  Their  strata,  like  those  farther  down,  are 
almost  vertical.  In  this  tract  Carnahuba  palms  become  less 
numerous,  and  small  dicotyledonous  trees  and  shrubs  more 
abundant,  but  all  of  them  in  the  dry  season,  at  which  time  I 
passed,  destitute  of  leaves.  These  deciduous  woods,  which 
often  cover  large  tracts  of  country,  are  called  Catingas  by  the 
Brazilians.  These  tracts  are  still  farther  characterized  by 
three  lax’ge  species  of  Cacti  belonging  to  the  genus  Cereus. 
During  the  next  twenty  leagufes,  which  brought  me  to  the 
Villa  do  led,  the  nature  of  the  country  differs  in  again  becom¬ 
ing  more  level,  consisting  of  large  open  campos  or  vargims, 
the  vegetation  of  which,  during  the  dry  season,  is  quite  burnt 
up ;  but  they  are  said  to  yield  abundance  of  grass  during  the 
rains ;  and  the  Catingas  or  deciduous’  woods  are  much  larger 
than  they  are  farther  down.’  The  rocks  are  gneiss  and  quartz, 
and  in  several  places  large  tracts  are  covered  with  fragments 
of  the  latter  more  or  less  rounded.  At  about  ten  leagues  be¬ 
low  led,  the  monotonous  level  of  the  country  is  varied  by  a 
mountain  range,  which  makes  its  appearance  to  the  eastward. 
This  is  the  Serra  de  Pereira.  It  runs  from  the  south-west  to 
the  north-east.  It  is  sixteen  leagues  in  length,  but  its  greatest 
height  is  not  more  than  1000  feet  above  the  level  of  the  plains 
in  which  it  is  situated.  The  structure  of  its  south-west  extre¬ 
mity,  at  least,  is  entirely  primitive,  but  near  its  base  I  observed 
a  coarse  red  conglomerate  containing  rounded  fragments  of 
both  primitive  and  secondary  rocks. 

The  Villa  do  led,  which  is  one  of  the  finest  in  the  interior 
of  the  north  of  Brazil,  is  situated  on  the  east  bank  of  the  Rio 
.Taguaribe,  in  the  middle  of  one  of  the  large  open  campos  which 
I  have  already  described,  and  during  the  dry  season  is  one  of 
the  most  miserable  places  imaginable  to  live  in.  The  coun¬ 
try  around  it  is  then  so  much  dried  up  that  not  a  green  leaf 
is  to  be  seen  ;  and  the  river,  which  during  the  rains  is  of  con¬ 
siderable  size,  becomes  quite  dry.  The  houses  are  all  built  of 
brick,  which  are  made  from  a  very  good  kind  of  elay  found  in 
the  neighbourhood,  and  are  all  whitewashed  on  the  outside 
with  a  white  limestone,  which  is  found  about  ten  leagues  to 
the  west  of  the  villa. 
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From  led  I  went  to  the  Villa  do  Grato,  which  is  about  thirty- 
four  leagues  to  the  south-west  of  the  former  place.  Between  these 
two  places  the  country  is  of  a  more  hilly  undulating  character, 
more  abundantly  wooded,  the  trees  larger,  and  many  of  them 
evergreen.  Owing  to  these  circumstances  but  few  of  the  large 
campos,  which  exist  below  led,  are  met  with.  The  carriage  of 
goods  between  Aracaty  and  led  is  effected  in  large  waggons, 
generally  drawn  by  twelve  oxen  ;  but  the  hilly  nature  of  the 
country  between  led  and  Crato  does  not  admit  of  this  mode 
of  conveyance,  the  backs  of  horses,  and  even  of  oxen,  being 
made  use  of  instead.  Shortly  after  leaving  led  I  passed  over  the 
south-west  end  of  the  Serra  de  Pereira,  at  a  place  where  it  has 
but  a  slight  elevation,  and  consists  entirely  of  gneiss.  From  this 
place  to  the  Villa  das  Lavras  da  Mangabeira,  a  distance  of  about 
ten  leagues,  the  country  is  of  a  gently  undulating  nature,  and 
in  many  places  well  wooded.  This  villa,  which  is  situated  close 
to  the  Rio  Jaguaribe,  takes  its  name  from  a  number  of  small 
gold  workings  (Lavras)  which,  from  time  to  time,  for  many 
years  past,  have  been  wrought  in  its  neighbourhood.  Nothing, 
however,  was  done  to  any  extent  till  about  two  years  ago,  when 
two  English  miners  were  sent  for  by  a  company  in  the  city  of 
Ceara,  the  capital  of  the  province.  They  continued  their 
labours  till  about  two  months  before  I  passed  through  the 
place,  having  been  recalled  by  tbeir  employers.  I  could  not 
learn  what  amount  of  gold  they  had  obtained,  but  the  persons 
at  whom  I  made  inquiries  remarked,  with  apparently  much 
truth,  that  they  did  not  believe  it  was  sufficient  to  repay  tbe 
expense,  or  the  work  would  not  have  been  abandoned.  The 
gold  is  here  found  in  small  particles,  in  a  dark-coloured  dilu¬ 
vial  soil  at  a  considerable  depth ;  but  the  place  being  shut  up  I 
had  not  an  opportunity  of  examining  it. 

At  about  eighteen  leagues  below  Crato,  I  lost  sight  of  the 
gneiss  rocks,  and  for  the  next  four  found  them  replaced  by  a 
grey-coloured  primitive  clay-slate.  At  the  termination  of  this 
the  secondary  stratified  series  begins,  the  few  rocks  which  I 
met  with  from  thence  to  Crato  consisting  of  a  white  coarse  • 
grained  sandstone. 

The  small  Villa  do  Crato  stands  in  the  middle  of  a  large 
undulating  valley,  which  is  bounded  to  the  south,  to  the  west. 
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and  to  the  north,  by  mountains  which,  in  their  highest  parts,  do 
not  rise  more  than  from  1200  to  1500  feet  above  the  level  of 
the  town.  The  country  around  is  very  fertile,  producing  abun¬ 
dance  of  cane,  from  which  an  impure  sugar,  in  the  form  of  small 
square  cakes,  is  made,  mandiocca,  Indian  corn,  rice,  cotton, 
and  tobacco,  besides  all  the  varieties  of  fruit  which  are  to  be 
met  with  on  the  coast.  The  great  cause  of  this  fertility  is  the 
numerous  springs  which  exist  along  the  foot  of  the  mountains. 
The  small  streams  which  proceed  from  these  are  divaricated 
in  a  thousand  directions,  for  the  purpose  of  irrigating  the  plan¬ 
tations.  The  mountains  are  branches  of  the  long  range  which 
separates  the  provinces  of  the  coast  from  that  of  Pianhy  to  the 
Avest,  which  here  receives  the  name  of  Serra  de  Araripe.  Their 
tops  are  perfectly  level,  and  extend  so  for  many  leagues  to  the 
westward  and  southward,  forming  what  the  Brazilians  call 
Taboleiras.  I  have  ascended  this  range  in  all  directions,  and 
have  universally  found  it  to  consist  of  a  generally  white-coloured 
sandstone,  but  in  many  places  it  is  of  a  reddish  tinge.  In  the 
bed  of  one  of  the  largest  streams  which  proceed  from  it,  where 
a  section  of  the  rocks  to  a  considerable  depth  is  formed,  I  found 
a  stratum  of  limestone,  about  three  feet  thick,  immediately 
below  the  sandstone,  and  below  it  another  of  an  impure  coal, 
two  feet  thick,  resting  on  another  stratum  of  limestone.  No¬ 
thing  seems  to  have  disturbed  the  strata,  as  they  all  lie  in  a 
perfectly  horizontal  position,  and  the  level  nature  of  the  Serra 
j)roves  that  this  is  general.  In  the  limestone  I  could  meet 
with  no  fossil  remains.  The  temperature  of  two  of  the  springs, 
which  rise  at  the  base  of  the  Serra,  I  found,  on  examination, 
to  be  75°  Fahrenheit 

That  part  of  the  Serra  which  lies  to  the  south  of  Crato  is 
a  branch  which  runs  about  ten  leagues  to  the  eastward.  On 
the  south  side  of  it  there  is  another  small  villa  called  Barra 
do  Jardim,  distant  from  Crato  about  fourteen  leagues.  I  went 
to  this  place,  partly  for  the  purpose  of  botanizing,  and  partly 
to  make  a  collection  of  fossil  fishes,  which,  I  was  informed, 
were  found  in  great  plenty  in  its  neighbourhood.  The  road 
skirts  along  the  base  of  the  Serra  in  a  south-east  direction  for 
about  five  leagues,  at  the  termination  of  which  it  is  necessary 
to  ascend  it  for  the  purpose  of  crossing  to  the  other  side.  The 
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ascent  is  far  from  being  good,  it  being  left  entirely  in  the  hands 
of  nature.  The  only  rock  I  observed  was  sandstone,  similar 
to  that  which  exists  at  Crato.  The  breadth  of  the  Serra  here 
is  nearly  eight  leagues,  and  during  the  whole  of  this  distance 
the  road  is  as  level  as  a  bowling-green  ;  and,  as  no  water  is  to 
be  found  on  it,  travellers  are  obliged  to  supply  themselves  with 
it  before  ascending.  For  small  parties  it  is  carried  in  cala¬ 
bashes,  but  when  many  pass  together  a  horse  is  provided  to 
carry  two  large  leather  bagfuls.  These  Taboleiras  are  gene¬ 
rally  thinly  wooded,  with  small  trees,  the  principal  of  which 
are  a  species  of  Caryocar  called  Pike,  a  small  tree  belonging 
to  the  natural  order  Apocyniacese,  which  produces  a  delicious 
fruit  called  Mangaba,  a  fine  species  of  Brysonema,  the  Cashew 
{Anacardium  occidentals^  a  purple-flowered  Qualea,  and  seve¬ 
ral  small  leguminous  trees  belonging  to  the  division  Rectem- 
brim. 

The  Villa  do  Barra  do  Jardim  stands  in  a  small  valley,  up¬ 
wards  of  a  league  in  length,  and  in  its  broadest  part  about  half 
a  league  in  breadth.  It  is  bounded  to  the  north  and  east  by 
the  branch  of  the  Serra  which  I  crossed  over,  and  to  the  west 
by  another,  but  neither  so  broad  nor  so  long.  Having  made 
inquiries  for  tbe  place  where  the  fossil  fishes  were  to  be  found, 
I  was  directed  to  a  rising  ground  which  extends  along  the  foot 
of  the  Serra.  On  my  arrival  at  an  open  place  of  this  gently 
sloping  ridge  to  the  north  of  the  villa,  I  found  the  ground 
covered  with  great  abundance  of  stones  of  various  sizes,  and  I 
was  informed  that  almost  every  one  of  them,  on  being  broken, 
presented  some  part  or  other  of  a  fish.  These  fragments  I  soon 
found  to  consist  of  compact  fawn-coloured  limestone.  They 
are  of  all  sizes,  from  pieces  not  larger  than  an  egg  to  blocks  of 
several  feet  in  circumference,  and  are  almost  all  rounded  and 
smoothly  polished,  having  apparently  been  for  a  long  time 
under  the  influence  of  a  current  of  water.*  They  in  general 


•  This  is  hardly  borne  out  by  the  appearance  of  the  specimens,  which  are 
certainly  not  rolled  pebbles,  but  nodules  of  impure  limestone,  ne.arly  of  the 
form  of  the  imbedded  fish,  and  apparently  aggregated  round  it  by  chemical 
attraction  from  the  sandstone  while  in  a  soft  state.  The  fact  stated  by  Mr 
Gardner,  that  he  nowhere  found  limestone  in  «<«  in  the  neighbourhood  of 
Barra  do  Jardim,  and  that  the  fossiliferous  nodules  are  not  mixed  with, 
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split  very  readily,  and  almost  all  of  them  present  parts  of  a 
fish  in  a  more  or  less  perfect  state.  But  by  far  the  greater 
number  of  them  are  so  much  broken  that  it  is  with  consider¬ 
able  difficulty  tolerably  perfect  specimens  can  be  obtained. 
The  spot  which  these  stones  occupy  is  not  above  an  hundred 
yards  square,  and  almost  no  other  stone  is  mixed  with  them; 
but  on  every  side  of  this  deposit  the  ground  is  covered  with 
little  rounded  sandstones,  similar  to  the  rock  of  which  the 
Serra  is  composed.  Besides  this,  I  afterwards  visited  other 
deposits ;  one  half  a  league  to  the  south  of  it ;  one  at  a  place 
called  Macape,  five  leagues  to  the  east  of  Jardim ;  and  another 
at  Mundo  Novo,  three  leagues  to  the  west ;  all  perfectly  simi¬ 
lar  to  the  one  I  have  described,  being  all  situated  on  tbe  de¬ 
clivity  of  the  low  hills  which  stand  between  the  valley  and  the 
Serra,  and  all  occupying  places  which  are  almost  altogether 
free  from  other  kinds  of  stone.  From  these  places  I  have  ob¬ 
tained  a  suite  of  specimens,  embracing  upwards  of  a  dozen  spe¬ 
cies  of  fossil  fish.*  They  vary  in  size  from  those  of  a  few  inches 
in  length,  to  others  which  must  have  been  several  feet ;  and 
all  of  them,  so  far  as  my  limited  knowledge  of  the  subject 
allows  me  to  judge,  except  two  species,  belong  to  the  order 
Cycloidece  of  M.  Agassiz.  The  most  abundant  species  is  one 
of  those  which  do  not  belong  to  this  order.  Of  it  I  possess  a 
nearly  perfect  specimen,  about  a  foot  and  a  half  long,  but, 
judging  from  other  fragments  of  the  same  species,  it  must 
have  attained  a  much  larger  size.t  It  has  the  head  very  much 
elongated,  and  the  scales  of  the  back  and  abdomen  are  an¬ 
gular,  while  those  of  the  sides  consist  of  but  one  row  of  long 
narrow  ones  arranged  vertically.  Of  the  other  species  I  only 
possess  the  tail  and  a  very  small  part  of  the  body.  It  differs 
from  the  last,  in  appearing  to  be  entirely  covered  with  small 
angular  scales.  Both  of  them,  I  have  no  doubt,  belong  to  the 
order  Ganoidece  of  M.  Agassiz. 

though  surrounded  by  others  of  sandstone,  seems  to  make  it  probable  that 
the  former  occur  in  a  bed  or  layer  of  detached  concretions  in  the  sandstone 
rock  of  the  Serra. — J.  E.  Bowman. 

*  Agassiz  makes  -them  but  seven  species,  and  refers  three  of  them  to  the 
Ctenoid  group. — J.  E.  B. 

t  The  fish  here  described  is  the  Aspidorhynchus  Comptoni.  Agass. — J.  K  B 
VOL.  XXX.  NO.  MX. — JANUARY  1841.  F 
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On  breaking  these  stones,  some  of  them  exhibit  abundance 
of  a  minute  bivalve  shell ;  and  at  Mundo  Novo  I  met  with  a 
very  perfect  specimen  of  what  I  believe  will  prove  to  be  a 
species  of  Turrilites,  about  an  inch  and  a  half  long,  and  a 
single  valve  of  a  Venus,  about  half  an  inch  in  length,  and  in 
very  excellent  preservation.  Both  of  them  were  found  in  the 
same  fragment  of  limestone.*  I  was  informed  by  a  person  in 
Jardim,  that  a  few  years  ago  he  found  a  small  serpent  coiled 
up  in  a  stone  which  had  been  split,  but  this,  no  doubt,  was  a 
species  of  Ammonites.  In  the  several  hundred  stones,  however, 
which  I  broke  in  search  of  fish,  I  met  with  nothing  of  this  de¬ 
scription.  During  my  excursions  in  the  neighbourhood  of 
Barra  do  Jardim,  I  nowhere  met  with  limestone  in  situ. 

In  conclusion,  I  may  mention  that  the  map  of  Brazil  which 
I  possess  is  that  published  by  the  Society  for  the  Diffusion  of 
Useful  Knowledge,  and  that  the  towns  of  this  province  are 
there  very  inaccurately  laid  down.  Thus  the  Villa  das  Lavras 
da  Mangaheira,  in  place  of  being  to  the  north  of  Ico,  ought 
to  be  ten  leagues  to  the  south  of  it ;  and  the  Villa  do  Crato, 
which  occupies  about  the  place  of  Lavras,  ought  to  be  twenty- 
four  leagues  further  to  the  south-west,  which  will  bring  it  Up 
to  its  proper  station  at  the  foot  of  the  Serra  de  Araripe ; 
while  Barra  (not  Bom)  Jardim  should  be  fourteen  leagues  to 
the  south  of  Crato.  Such  being  the  case  with  these,  I  have 
no  doubt  that  most  of  the  other  inland  towns  are  equally  erro¬ 
neously  laid  down.  The  southern  boundary  also  of  the  pro¬ 
vince  ought  to  run  in  a  line  w’ith  that  which  separates  Para- 
hiba  from  Pernambuco. 


On  the  Fossil  Fishes  found  by  Mr  Gardner  in  the  Province  of 
Ceara,  in  the  North  of  Brazil.  By  Professor  Agassiz. 
Communicated  by  the  Author, 

Among  the  fossil  fishes  collected  in  the  north  of  Brazil  by 
Mr  Gardner,  and  which  have  been  submitted  to  my  examina- 

*  These  shells  1  have  not  seen,  but  Mons.  Agassiz  considers  the  minute 
bivalves  to  consist  of  two  kinds,  both  new  and  peculiar ;  and  I  shall  be  care¬ 
ful  to  have  them  examined  by  competent  conchologists.— J.  E.  15. 
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tion  by  Mr  Bowman,  I  have  recognised  seven  distinct  species, 
all  new,  but  which  appear  to  me  to  identify  not  the  less  the 
deposit  in  which  they  are  found  as  belonging  to  the  chalk-for¬ 
mation,  and  that  because  of  the  simultaneous  occurrence  of 
Ganoid,  Ctenoid,  and  Cycloid  fishes. 

The  two  Ganoids  which  I  have  recognised,  belong  to  two 
genera  already  characterized  in  my  Becherches  sur  les  Pois¬ 
sons  Fossiles,  They  are 

1,  An  Aspidorhynchus^  which  I  have  named  A.  Comptoni  ; 
allied  to  the  A.  cinctus  of  the  Kentish  chalk,  but  which  differs 
from  it  by  its  scales  being  more  rugose.  I  have  dedicated  it 
to  the  Marquis  of  Northampton,  who  communicated  the  first 
specimens  to  me. 

2.  A  Lepidotus,  which  I  shall  name  L.  temnurus^  charac¬ 
terized  by  the  numerous  articulations  of  the  rays  and  of  its  fins. 
The  species  of  lepidotus  met  with  in  the  chalk  of  Kent  has 
more  elongated  scales  than  those  of  the  L.  temnurus. 

The  Ctenoids  are  three  in  number,  but  they  belong  to  one 
genus,  of  which  I  am  not  acquainted  with  a  living  species. 
Its  characters  are  very  remarkable  ;  and  it  is  a  combination  of 
features  borrowed  from  several  types,  afterwards  distinct.  One 
dorsal  scaly  fin,  without  spinous  rays,  combined  with  ventral 
fins  occupying  the  middle  of  the  abdomen,  and  pectinated 
scales,  form,  certainly,  a  very  peculiar  assemblage  of  characters. 

I  have  named  this  genus  Phacolepis,  and  have  distinguished 
three  species. 

1.  Phacolepis  Brama.  Broad:  second  posterior  suborbitary 
narrower  than  the  superior. 

2.  Phacolepis  huccalis.  Elongated  ;  the  two  posterior  sub- 
orbitaries  of  equal  size,  and  elongated. 

3.  Phacolepis  latus.  Short,  broad ;  the  two"  posterior  sub- 
orbitaries  equally  short,  and  of  the  same  breadth. 

The  Cycloids  belong  to  two  extinct  genera. 

1.  Cladocyclus,  covered  by  very  large  scales,  higher  than  they 
are  long,  marked  with  pores  and  lobed  furrows,  diverging  to¬ 
wards  the  posterior  edge.  Small  conical  teeth.  There  iscnlyone 
species.  Cl.  Gardneri,  of  very  great  size,  which  I  have  dedicated 
to  the  zealous  traveller  to  whom  the  discovery  is  due.  The 
scale  from  the  Kentish  chalk,  which  I  have  figured  in  my  work 
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on  Fossil  Fishes,  and  which  I  supposed  might  he  referred  to 
my  genus  Hypsodon,  is  a  scale  of  Cladocyclus.  The  teeth  of 
the  Brazilian  Cladocyclus,  which  I  have  observed  on  a  speci¬ 
men  furnished  with  scales,  leave  no  doubt  as  to  their  generic 
difference. 

2.  Calamopleurus.  Scales  circular  ;  tube  of  the  lateral  line 
straight  and  very  short ;  trunk  cylindrical,  which  induces  me 
to  term  the  species  Cal.  cylindricus. 

I  shall  publish  detailed  figures  and  descriptions  of  these 
fishes,  as  complete  as  the  materials  I  have  examined  admit 
of,  in  one  of  the  supplementary  parts  of  my  work  on  Fossil 
Fishes. 


On  Hydrostatical  Pressure  as  a  Cause  of  Earthquakes.  By 

the  Rev.  John  Toplis,  B.  D.,  South  Walsham,  Norfolk. 

Communicated  by  the  Author.* 

Amongst  the  various  causes  brought  forward  to  account  for 
the  phenomena  of  earthquakes,  the  writer  of  this  article  is  not 
aware  that  they  have  ever  been  attributed  to  that  of  hydro- 
statical  pressure.  Perhaps  this  action  may  account  in  some 
instances  for  the  circumstances  which  attend  the  convulsions 
of  the  earth’s  surface.  Those  which  are  most  violent  gene¬ 
rally  occur  near  the  sea  in  the  neighbourhood  of  the  highest 
mountains,  which  would  afford  the  greatest  pressure,  upon  the 
supposition  of  their  containing  columns  of  water  communi¬ 
cating  with  that  under  the  surface  where  the  eruption  takes 
place,  of  sufficient  altitude  to  produce  such  an  effect.  The  ver¬ 
tical  columns  may  be  supplied  by  the  water  condensed  from 
the  aqueous  vapour  passing  over  their  cold  or  snow-covered 
summits. 

In  order  to  remove  any  doubts  with  respect  to  the  power 
arising  from  hydrostatical  pressure  being  able  to  produce  earth¬ 
quakes,  it  may  be  observed,  that  the  weight  of  a  cubic  foot  of 
water  is  about  1000  ounces  avoirdupois  ;  consequently,  that 
of  a  column  of  water  of  an  equal  base,  500  feet  in  height. 


*  Read  before  tlie  Wernerian  Society,  November  14.  1840. 
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would  be  31,250  pounds.  As  it  is  the  property  of  fluids  to 
press  equally  in  all  directions,  a  square  foot  of  the  water,  which 
communicates  with  a  column  of  it  of  this  height,  would  act 
against  an  upper  stratum  with  a  force  equivalent  to  the  same 
weight.  From  the  above  it  may  be  easily  inferred,  that  when 
the  height  of  the  column  of  water  amounts  to  several  thousand 
feet,  and  there  is  a  pressure  upwards  to  the  extent  of  a  num¬ 
ber  of  square  miles,  it  may  be  suf&ciently  great  to  produce,  by 
sudden  elevations  and  ruptures  of  the  strata,  the  violent  con¬ 
cussions  and  upheavings  which  occasion  the  most  calamitous 
earthquakes. 

That  the  interiors  of  many  mountains  do  contain  water,  is 
well  ascertained  and  proved  by  numerous  facts  given  in  vari¬ 
ous  treatises  upon  geology.  During  volcanic  eruptions  from 
some  of  the  Andes  in  South  America,  there  are  many  in¬ 
stances,  according  to  Humboldt,  of  very  large  quantities  of 
water  bursting  from  their  sides.  Those  of  Cotopaxi,  Tungu- 
ragua,  and  Sangay,  always,  from  openings  at  the  elevations  of 
2500  or  2600  toises  above  the  level  of  the  sea,  eject  a  prodi¬ 
gious  quantity  of  fish  along  with  torrents  of  water.  At  the 
time  of  the  last  eruption  of  Mount  Idienne,  a  volcano  in  the 
east  of  the  island  of  Java,  so  great  a  body  of  water  was  forced 
out,  that  the  country  extending  from  the  mountain  to  the  sea, 
a  distance  of  twenty  leagues,  was  inundated,  and  it  gave  rise 
to  two  large  rivers. 

The  existence  of  extensive  levels  of  water  beneath  the  sur¬ 
face  of  the  soil  in  those  districts  which  are  liable  to  earth¬ 
quakes  is  rendered  probable,  from  this  circumstance  being 
known  to  occur  in  many  instances  in  different  regions.  It  is 
evident  in  the  case  of  Artesian  wells.  The  springs  of  fresh 
water,  some  of  which  are  very  powerful,  that  rise  from  the 
bottom  of  the  sea,  and  also,  as  Humboldt  observes,  those  in 
the  centres  of  very  flat  islands,  for  instance,  the  Caymans  near 
Cuba,  and  some  of  the  Bermudas,  must  be  forced  upwards  by 
hydrostatical  pressure  from  higher  lands,  although  they  are  at 
a  very  considerable  distance.  Streams  of  fresh  water  are  fre¬ 
quently  found  near  the  shore  at  the  depth  of  several  hundred 
feet  below  the  level  of  the  sea,  many  of  which  most  probably 
pass  under  its  bed.  The  numerous  cases  of  rivers  being  wholly 
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engulfed,  and  of  fountains  rising  sufficiently  large  to  fonn  con¬ 
siderable  rivers,  are  a  proof  that  very  great  quantities  of  wa¬ 
ter  sometimes  exist  below  the  surface  of  the  ground. 

Except  in  the  cases  of  very  slight  earthquakes,  or  Avhen 
they  are  connected  with  volcanic  action,  an  eruption  of  water 
generally  takes  place  through  the  fissures  which  are  made  at 
the  time.  It  was  the  case  with  the  earthquake  at  .Jamaica,  in 
the  year  1692,  as  appears  from  the  Philosophical  Transactions, 
where  it  is  stated,  that  at  several  places  very  large  quantities 
of  w-ater  were  forced  up  from  the  openings  of  the  earth  to  a 
considerable  height.  At  Varga,  a  few  miles  fi’om  Lisbon,  dur¬ 
ing  the  time  of  the  earthquake  there  in  November  1755, 
many  springs  burst  forth,  and  water  was  spouted  to  the  alti¬ 
tude  of  nineteen  feet.  According  to  Humboldt,  Avhen  an 
earthquake  destroyed  the  city  of  Cumana  on  October  21.  1766, 
the  earth  opened  at  several  places  in  the  province  and  vomited 
sulphureous  water.  Also,  during  the  violent  earthquake  which 
in  one  minute  overthrew  the  city  of  Caraccas  on  March  26. 
1813,  so  much  water  was  thrown  up  through  the  cracks  that 
a  new  stream  was  formed.  When  the  earthquake  occurred 
at  Riobamba  in  1797,  the  earth  was  fissured  in  innumerable 
places,  and  immense  gulfs  were  likewise  formed  ;  quantities  of 
water  rose,  filling  up  valleys  1000  feet  in  breadth  and  600  feet 
in  depth.  Wide  rents  were  also  opened  during  violent  earth¬ 
quakes  on  the  north  coasts  of  South  America,  in  order  to  give 
exit  to  streams  of  water  which  then  gushed  out.  It  was  often 
observed  that,  during  these  convulsions,  water  with  sand,  mud, 
&c.  was  thrown  up  from  wells,  sometimes  to  a  height  of  thirty 
feet.  Von  Humboldt  also  relates,  that  this  phenomenon  is 
generally  observed  during  the  shocks  at  Cnmana.  From  the 
statements  of  the  earthquakes  in  Calabria,  which  took  place 
in  the  years  1783-1786,  large  columns  of  water  frequently 
spouted  to  a  great  height  above  the  surface  of  the  earth. 

During  the  convulsions  of  the  valley  of  the  Mississippi  in 
the  year  1811,  the  earth  rose  in  great  waves,  and  w'hen  they 
reached  a  certain  elevation,  the  surface  burst,  and  volumes  of 
water,  sand,  and  coals,  the  materials  of  the  soil,  were  dis¬ 
charged  to  the  altitude  of  100  feet  or  more.  When  an  earth¬ 
quake  took  place  at  Amarapoo  in  the  Birmah  territory  on 
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April  23.  1839,  water  issued  up  to  a  considerable  height 
through  the  openings  of  the  earth.  It  is  not  requisite  to  enu¬ 
merate  more  instances  of  the  effusion  of  water  which  gene¬ 
rally  takes  place  at  the  time  of  earthquakes  which  are  not 
connected  with  volcanic  action,  as  they  may  be  found  in  the 
works  of  kyell  and  other  geologists.  The  above  are  sufficient 
to  shew  that  hydrostatical  pressure,  producing  sudden  frac¬ 
tures  and  eruptions  of  the  under  strata,  if  not  the  sole  cause, 
is,  in  general,  acting  forcibly  at  the  time  of  their  shocks. 

It  is,  perhaps,  difficult  to  assign  any  other  cause  than  that 
of  hydrostatical  pressure  to  the  circumstances  of  earthquakes 
frequently  occurring  longitudinally  in  parallel  directions  to 
the  chains  of  mountains  in  the  neighbourhood.  This  was  the 
case  in  the  plains  of  the  Mississippi  in  1811,  where  the  chains 
were  all  parallel  and  in  the  same  direction  from  SW.  to  NE. 
as  the  Alleghany  range.  Professor  Bischof,in  his  memoirs  upon 
volcanos  and  earthquakes  (published  in  this  Journal),  states  this 
to  have  occurred  in  the  Pyrenees,  on  December  28. 1779,  July 
10. 1784,  July  8.  1791,  May  22. 1814,  &c.  ;  also  earthquakes  in 
South  America  seem  to  follow  the  direction  of  the  mountains. 
Thus,  that  at  Caraccas  in  1812  followed  the  direction  of  the 
littoral  Cordilleras  from  E.N.E.  to  W.S.W.  That  of  Cumana 
in  1797  presented  an  instance  of  the  same  fact.  The  predo¬ 
minant  direction  of  the  frequent  earthquakes  on  the  coast  of 
Chili  and  Peru  is  also  that  of  the  large  chain  of  the  Andes, 
which  is  parallel  to  the  coast.  All  the  older  reports  likewise 
state  that  in  these  countries  their  direction  is  from  S.  to  N., 
or  vice  versa ;  and  Mrs  Graham  remarked  that  she  felt,  during 
the  violent  earthquake  in  Chili  in  1822,  as  if  the  whole  ground 
from  north  to  south  were  suddenly  raised  and  then  sunk  again. 

If  it  be  supposed  that  there  are  hollows  under  the  moun¬ 
tains  in  consequence  of  their  original  elevations,  and  that  they 
are  tilled  with  water,  the  earthquake  might  arise  from  the  ac¬ 
tion  of  water  under  the  plains,  which  was  rendered  sufficiently 
powerful  from  an  additional  quantity,  owing  to  rain  or  the 
melting  of  snow,  having  added  to  the  heights  of  the  commu¬ 
nicating  vertical  columns.  That  cavities  do  often  exist  under 
great  elevations  is  evident  from  the  frequent  instances  of 
their  falling  in  which  are  given  in  various  geological  works. 
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particularly  that  of  Lyell,  vol.  ii.,  p.  249,  &c.,  5th  ed.  It  is 
observed  by  Ulloa  and  Humboldt,  that  the  subterraneous 
roarings  which  accompany  the  earthquakes  and  the  amazingly 
great  quantities  of  water  that  issue  from  the  earth  in  the  dry- 
est  places  during  their  shocks,  also  the  eruptions  from  volca¬ 
nos,  and  numerous  other  phenomena,  indicate  that  all  the  soil 
of  the  plains  in  the  vicinity  of  the  Andes  is  undermined.  This 
may  have  been  occasioned  by  the  constant  percolation  of  wa¬ 
ter  forced  gradually  forwards,  where  there  is  the  least  opposi¬ 
tion,  by  the  weight  of  the  high  columns  contained  in  the 
mountains.  It  is  stated  by  Raynal,  in  his  Histoire  Philoso- 
phique,  that  numbers  of  rich  mines  in  Peru  are  ruined  by  the 
water  which  descends  in  a  slope  from  the  Cordilleras  to  the 
South  Sea. 

The  waters  of  seas,  rivers,  lakes,  wells,  and  springs  are  ge¬ 
nerally  affected  by  earthquakes,  in  some  cases  to  a  very  con¬ 
siderable  distance  ;  for  instance,  on  the  day  of  that  at  Lisbon, 
November  1.  1755,  within  a  short  interval,  the  waters  of  the 
sea  in  the  W est  Indies,  on  the  shores  of  Madeira,  of  lakes  in 
Scotland,  &c.  &c.,  were  unusually  agitated.  This  may  have 
been  occasioned  by  the  oscillations  of  the  earth  being  com¬ 
municated  laterally,  causing  it  to  heave  and  subside  under 
the  waters.  The  strata  were  observed  to  be  shaken  in  many 
of  the  Derbyshire  mines  from  the  effects  of  that  earthquake. 
According  to  Bischof,  in  his  Memoirs  on  Volcanos  and  Earth¬ 
quakes,  the  commissioners  who  were  employed  to  make  ob¬ 
servations  on  the  earthquakes  in  the  district  of  Pignerol  near 
Turin,  relate  that  the  very  day,  April  2.  1808,  when  one  of 
the  most  violent  shocks  was  felt,  the  masting  engine  at  Toulon 
was  elevated  more  than  an  inch. 

Boussingault  asserts,  Annal.  de  Chim.  et  de  Phys.  t.  Iviii., 
p.  83,  that  the  most  memorable  earthquakes  in  the  New 
World,  which  ravaged  the  towns  of  Latacunga,  Riobamba, 
Honda,  Caraccas,  Laguayra,  Merida,  Barquisimeto,  &c.,  do 
not  coincide  with  any  well-established  volcanic  eruption.  The 
oscillation  of  the  surface,  owing  to  an  eruption,  is  as  it  were 
local ;  whilst  an  earthquake  which  is  not  subject  (at  least  ap¬ 
parently)  to  any  volcanic  explosion,  extends  to  incredible  dis¬ 
tances,  in  which  case  it  has  also  been  remarked  that  the 
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shocks  most  commonly  followed  the  direction  of  chains  of 
mountains.  The  same  observation  has  been  made  with  re-, 
spect  to  the  West  Indies  by  Jonnes  in  his  Hist.  Phys.  des  An¬ 
tilles,  p.  104.  This  circumstance  shews  that  earthquakes, 
except  in  the  vicinity  of  volcanos,  are  not  owing  to  the  ex¬ 
pansive  power  of  gases  or  vapours,  which  most  probably  do  not 
extend  to  any  considerable  distances,  as  they  would  soon  be 
condensed  or  absorbed  by  water,  or  else  so  far  expanded  as  to 
lose  their  power  of  acting  with  sufficient  force. 

It  is  frequently  obserA'ed  during  violent  earthquakes,  for  in¬ 
stance  those  of  the  Caraccas  in  March  1812,  and  of  the  plains 
of  the  Mississippi  in  1811,  that  the  surface  of  the  ground  has 
been  in  a  continual  undulating  movement  and  heaving  up  like 
a  boiling  liquid.  This  agitation  may  be  explained  with  far 
greater  probability  by  the  supposition  that  the  action  upwards 
arises  from  an  under  body  of  water,  than  from  the  expansion 
of  gases  or  vapours.  The  reiteration  of  the  shock  of  an  earth¬ 
quake  after  certain  intervals,  may  be  owing  to  the  subsidence 
of  the  elevated  strata  having  closed  the  principal  openings, 
which  caused  another  oscillation  after  a  sufficient  influx  of 
water  had  taken  place. 

Earthquakes  very  seldom,  if  ever,  occur,  except  where  there 
are  volcanos,  in  very  high  latitudes  that  have  the  surface  of 
the  ground  covered  almost  perpetually  with  ice  or  snow.  In 
these  countries  the  soil  probably  remains  frozen  to  a  very 
great  depth,  consequently  there  can  be  no  action  of  water  ca¬ 
pable  of  upheaving  it. 

If  hydrostatical  pressure  be  the  cause  of  earthquakes,  they 
would  not  occur,  as  is  the  case,  on  very  elevated  surfaces  or 
steppes,  except  in  a  very  slight  degree,  from  the  motion  com¬ 
municated  by  distant  convulsions  of  the  earth. 
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Brief  Observations  on  the  State  of  the  Arts  in  Italy^  with  a 
short  Account  of  Cameo-cutting,  Mosaic  work,  Pietra  Dura, 
and  also  of  some  of  the  Domestic  Arts  and  Mechanical  Con¬ 
trivances  of  the  Italians.  By  Charles  H.  Wilson,  Esq. 
Architect,  Edinburgh,  A.R.S.  A.,  and  M.  S.  A.*  Commu¬ 
nicated  by  the  Society  of  Arts  for  Scotland. + 

I  FEEL  that  I  ought  to  apologise  to  the  Society  for  bringing 
before  it  a  paper  of  this  nature,  which  contains  no  description 
of  any  new  art  or  discovery,  but  which  may  be  described  as 
being  little  more  than  a  catalogue  of  arts  and  practices,  most 
of  which  are  of  great  antiquity.  I  hope  that  such  a  paper  may 
be  deemed  admissible.  As  far  as  my  individual  opinion  goes, 
1  would  say  that  it  would  be  very  desirable  if  several  papers 
were  read  every  session  containing  as  distinct  accounts  as 
could  be  obtained  of  the  state  of  the  arts  and  sciences,  with 
reviews  of  the  progress  made  in  them  in  different  Continental 
countries  every  year.  That  such  papers  would  be  useful  in 
various  points  of  view  appears  to  me  sufficiently  obvious ;  those 
who  have  neither  leisure  nor  opportunity  to  inquire  for  them¬ 
selves  would  by  this  means  obtain  a  great  deal  of  valuable  and 
interesting  information ;  our  efforts  to  excel  in  the  arts  and 
sciences  would  be  stimulated ;  and,  above  all,  I  think  that, 
whilst  our  national  vanity  would  be  advantageously  chastened, 
feelings  of  respect  and  esteem,  founded  on  a  knowledge  and 
just  appreciation  of  the  merits  of  other  nations,  would  beyond 
all  other  influences  lead  to  international  amity.  Feelings  like 
these  have  already  been  happily  nourished  by  the  amicable  in¬ 
tercourse  of  literati  of  different  nations :  the  course  which  1  ad¬ 
vocate  would  tend  to  the  further  diffusion  of  such  sentiments 
amongst  all  classes. 

I  cannot,  without  prcsunqition,  imagine  for  a  moment  that 
tlie  paper  which  I  now  bring  before  you  can  deserve  to  be  eon- 
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sidered  one  of  such  a  series.  I  went  abroad  at  a  very  early 
age,  and  my  time  was  entirely  given  up  to  the  study  of  the  art 
to  which  I  had  devoted  myself,  and  which  every  thing  around 
me  tended  to  increase  my  love  of.  The  collateral  studies  of 
the  youthful  artist  are  naturally  those  connected  with  his  art, 
and  are  greatly  more  extensive  in  Italy,  from  many  favour¬ 
able  circumstances,  than  in  Scotland,  and  the  brief  allusion 
which  I  have  made  to  them  and  to  the  time  of  life  when  I 
lived  abroad,  is  meant  as  an  apology  for  the  meagreness  of  the 
details  which  I  humbly  bring  under  your  notice. 

Any  comment  on  the  political  condition  of  Italy  would  be 
out  of  place  in  a  paper  to  be  read  here,  although  a  distinct 
apprehension  of  it  would  be  necessary  previously  to  any  in¬ 
quiry  into  the  state  of  her  arts  and  sciences,  and  also  to  enable 
us  justly  to  appreciate  the  great  merits  of  those  Italian  philo¬ 
sophers  and  literati,  vdio,  despite  of  adverse  circumstances,  so 
greatly  distinguish  themselves.  To  so  slight  a  sketch  of  the 
arts  of  Italy  as  that  I  am  about  to  offer,  any  lengthened  ob¬ 
servations  are  not  so  necessary.  W'hatever  may  be  our  opi¬ 
nion  of  Austrian  principles  of  government,  and  of  Austrian 
influence  in  Italy,  all  who  have  visited  the  Italian  territories 
of  that  power,  must,  I  think,  acknowledge  that  Lombardy  is 
greatly  in  advance  of  the  independent  states,  and  in  no  part 
of  Europe,  Scotland  excepted,  are  there  more  numerous  schools 
for  the  instruction  of  all  classes  of  the  people.  As  the  tra¬ 
veller  advances  southward,  with  nominal  independence  politi¬ 
cal  degradation  increases,  and  the  general  character  of  the 
people  is  lowered.  We  can  feel  no  other  emotions  than  those 
of  regret  for  the  prostration  of  Italy  ;  but  if  we  examine  into 
the  customs  of  the  Itixlians,  we  shall  everywhere  find  expres¬ 
sive  indications  of  ancient  power  and  refinement,  and  pleasing 
proof  that,  where  civilization  and  its  attendant  sciences  and 
arts  has  once  held  extensive  sway,  advantages  are  secured  of 
which  it  Is  almost  impossible,  or  at  any  rate  very  difficult,  to 
dej)rive  a  people. 

I  shall  coininence  with  a  brief  notice  of  the  Jirt  of  painting 
in  Italy :  this  tine  art  has  gradually  decline*!,  and  there  si>eins 
t«>  Ih‘  no  indication  at  present  of  its  recovery.  It  is  trainnielle4l 
by  aeudemic  systeni.  The  Homan  school  is  tlistinguished  by 


88 


Mr  Toplis  oti  Ht/drostatical  Pressure 

particulai’ly  that  of  Lyell,  vol.  ii.,  p.  249,  &;c.,  5th  ed.  It  is 
observed  by  Ulloa  and  Humboldt,  that  the  subterraneous 
roarings  whic-h  accompany  the  eai’thquakes  and  the  amazingly 
great  quantities  of  water  that  issue  from  the  earth  in  the  dry- 
est  places  during  their  shocks,  also  the  eruptions  from  volca¬ 
nos,  and  numerous  other  phenomena,  indicate  that  all  the  soil 
of  the  plains  in  the  vicinity  of  the  Andes  is  undermined.  This 
may  have  been  occasioned  by  the  constant  percolation  of  wa¬ 
ter  forced  gradually  forwards,  where  there  is  the  least  opposi¬ 
tion,  by  tbe  weight  of  the  high  columns  contained  in  the 
mountains.  It  is  stated  by  Raynal,  in  his  Histoirc  Philoso- 
phique,  that  numbers  of  rich  mines  in  Peru  arc  ruined  by  the 
w'ater  which  descends  in  a  slope  from  the  Cordilleras  to  the 
South  Sea. 

The  waters  of  seas,  rivers,  lakes,  wells,  and  springs  are  ge¬ 
nerally  affected  by  earthquakes,  in  some  cases  to  a  very  con¬ 
siderable  distance  ;  for  instance,  on  the  day  of  that  at  Lisbon, 
November  1.  1755,  within  a  short  interval,  the  waters  of  the 
sea  in  the  AV'^est  Indies,  on  the  shores  of  Madeira,  of  lakes  in 
Scotland,  izc.  kc.,  w'ere  unusually  agitated.  This  may  have 
been  occasioned  by  the  oscillations  of  the  earth  being  com¬ 
municated  laterally,  causing  it  to  heave  and  subside  under 
the  waters.  The  strata  w^ere  observed  to  be  shaken  in  many 
of  the  Derbyshire  mines  from  the  effects  of  that  earthquake. 
According  to  Bischof,  in  his  Memoirs  on  Volcanos  and  Earth¬ 
quakes,  the  commissioners  who  were  employed  to  make  ob¬ 
servations  on  tbe  earthquakes  in  the  district  of  Pignerol  near 
Turin,  relate  that  the  very  day,  April  2.  1808,  when  one  of 
the  most  violent  shocks  was  felt,  the  masting  engine  at  Toulon 
was  elevated  more  than  an  inch. 

Boussingault  asserts,  Annal.  de  Chim.  et  de  Phys.  t.  Iviii., 
p.  83,  that  the  most  memorable  earthquakes  in  the  New 
Woi’ld,  which  ravaged  the  towns  of  Latacunga,  Riobamba, 
Honda,  C’araceas,  Laguayra,  Merida,  Barquisimeto,  &c.,  do 
not  coincide  with  any  Avell-cstabli.slied  volcanic  eruption.  The 
oscillation  of  the  surface,  owing  to  an  eruption,  is  as  it  were 
local ;  whilst  an  earthquake  which  is  not  subject  (at  least  ap- 
parentlyj  to  any  volcanic  explosion,  extends  to  incredible  dis¬ 
tances,  in  which  case  it  has  also  been  remarked  that  the 
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shocks  most  commonly  followed  the  direction  of  chains  of 
mountains.  The  same  observation  has  been  made  with  re¬ 
spect  to  the  West  Indies  by  Jonnes  in  his  Hist.  Phys.  dos  An¬ 
tilles,  p.  104.  This  circumstance  shews  that  eartlKpiakes, 
except  in  the  vicinity  of  volcanos,  are  not  ow  ing  to  the  ex¬ 
pansive  power  of  gases  or  vapours,  which  most  probably  do  not 
extend  to  any  considerable  distances,  as  they  would  soon  be 
condensed  or  absorbed  by  water,  or  else  so  far  expanded  as  to 
lose  their  power  of  acting  with  sufficient  force. 

It  is  freipiently  observed  during  violent  eai'tlnpiakes,  for  in¬ 
stance  those  of  the  Caraccas  in  March  1812,  and  of  the  plains 
of  the  Mississippi  in  1811,  that  the  surface  of  the  ground  has 
been  in  a  continual  undulating  movement  and  heaving  up  like 
a  boiling  liquid.  This  agitation  may  be  explained  with  far 
greater  probability  by  the  supposition  that  the  action  ui)wards 
arises  from  an  under  body  of  w  ater,  than  from  the  expansion 
of  gases  or  vapours.  The  reiteration  of  the  shock  of  an  earth¬ 
quake  after  certain  intervals,  may  be  owing  to  the  subsidence 
of  the  elevated  strata  having  closed  the  pilncipal  openings, 
which  caused  another  oscillation  after  a  sufficient  influx  of 
water  had  taken  place. 

Earthquakes  very  seldom,  if  ever,  occur,  except  where  there 
are  volcanos,  in  very  high  latitudes  that  have  the  surface  of 
the  ground  covered  almost  perpetually  with  ice  or  snow'.  In 
these  countries  the  soil  probably  remains  frozen  to  a  very 
great  depth,  conseipxently  there  can  be  no  action  of  water  ca¬ 
pable  of  upheaving  it. 

If  hydrostatical  pressure  be  the  cause  of  earthquakes,  they 
would  not  occur,  as  is  the  case,  on  very  elevated  surfaces  or 
steppes,  except  in  a  very  slight  degree,  from  the  motion  com¬ 
municated  by  distant  convulsions  of  the  earth. 


lirief  GLserrations  on  the  State  of  the  Arts  in  Itali/^  with  a 
short  Account  of  Cameo-cuttiny,  Mosaic  work,  Pictra  Dura, 
and  also  of  some  of  the  Domestic  Arts  and  Mechanical  Con¬ 
trivances  of  the  Italians.  liy  Charles  H.  Wilsox,  Esq. 
Architect,  Edinburgh,  A.R.S.  A.,  and  M.  S.  A.*  Commu¬ 
nicated  by  tbe  Society  of  Arts  for  Scotland  + 

I  FEEL  that  1  ought  to  apologise  to  the  Society  for  bringing 
before  it  a  paper  of  this  nature,  which  contains  no  description 
of  any  new  art  or  discovery,  but  which  may  be  described  as 
being  little  more  than  a  catalogue  of  arts  and  practices,  most 
of  whieh  are  of  great  antiquity.  1  hope  that  such  a  paper  may 
be  deemed  admissible.  As  far  as  my  individual  opinion  goes, 
1  would  say  that  it  would  be  very  desirable  if  several  papers 
Avere  read  every  session  containing  as  distinct  accounts  as 
could  be  obtained  of  the  state  of  the  arts  and  sciences,  Avith 
revicAvs  of  the  progress  made  in  them  in  different  Continental 
countries  every  year.  That  such  papei’s  Avould  be  useful  in 
various  points  of  view  appears  to  me  suthciently  obvious ;  those 
AA'ho  have  neither  leisure  nor  opportunity  to  imiuire  for  them¬ 
selves  would  by  tills  means  obtain  a  great  deal  of  valuable  and 
interesting  information  ;  our  efforts  to  excel  in  tbe  arts  and 
sciences  AA  Ould  be  stimulated  ;  and,  above  all,  I  think  that, 
Avhilst  our  national  vanity  Avould  be  advantageously  chastened, 
feelings  of  respect  and  esteem,  founded  on  a  knoAvledge  and 
just  appreciation  of  the  merits  of  other  nations,  AV'ould  beyond 
all  other  influences  lead  to  international  amity.  Feelings  like 
these  have  already  been  happily  nourished  by  the  amicable  in¬ 
tercourse  of  literati  of  different  nations:  the  course  Avhich  I  ad- 
A'ocate  Avould  tend  to  the  further  diffusion  of  such  sentiments 
amongst  all  classes. 

I  cannot,  Avithout  presumption,  imagine  for  a  moment  that 
the  paper  aaIucIi  I  now  bring  before  you  can  deserve  to  be  con- 
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a  popular  topic,  we  fjivc  it  a  place,  although  it  is  not  strictly  connected  with 
the  subjects  usually  discussed  in  this  .Tournal.— !•’, niTon. 
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siilered  one  of  such  a  series.  I  went  abroad  at  a  very  early 
age,  and  my  time  vvas  entirely  given  up  to  the  study  of  the  ai’t 
to  which  I  had  devoted  myself,  and  which  every  thing  around 
me  tended  to  increase  my  love  of.  The  collateral  studies  of 
the  youthful  artist  are  naturally  those  connected  with  his  art, 
and  are  greatly  more  extensive  in  Italy,  from  many  favour¬ 
able  circumstances,  than  in  Scotland,  and  the  brief  allusion 
which  1  have  made  to  them  and  to  the  time  of  life  when  I 
lived  abroad,  is  meant  as  an  a])ology  for  the  meagreness  of  the 
details  which  I  humbly  bring  under  your  notice. 

Any  comment  on  the  political  condition  of  Italy  would  be 
out  of  place  in  a  paper  to  be  read  here,  although  a  distinct 
ajiprehension  of  it  would  be  necessary  previously  to  any  in- 
(juiry  into  the  state  of  her  arts  and  sciences,  and  also  to  enable 
us  justly  to  appreciate  the  great  merits  of  those  Italian  philo- 
soj)hers  and  literati,  who,  despite  of  adverse  circumstances,  so 
greatly  distinguish  themselves.  To  so  slight  a  sketch  of  the 
arts  of  Italy  as  that  I  am  a.bout  to  offer,  any  lengthened  ob¬ 
servations  are  not  so  necessary.  ^Vhatever  may  be  our  opi¬ 
nion  of  Austrian  principles  of  government,  and  of  Austrian 
influence  in  Italy,  all  who  have  visited  the  Italian  territories 
of  that  power,  must,  I  think,  acknowledge  that  Lombardy  is 
greatly  in  advance  of  tbe  independent  states,  and  in  no  part 
of  biurope,  Scotland  excepted,  are  there  more  numerous  schools 
for  the  instruction  of  all  clasps  of  the  people.  As  the  tra¬ 
veller  advances  southward,  with  nominal  independence  politi¬ 
cal  degradation  increases,  and  the  general  character  of  the 
people  is  lowered.  We  can  feel  no  other  emotions  than  those 
of  regret  for  the  prostration  of  Italy  ;  but  if  we  examine  into 
the  customs  of  the  Italians,  we  shall  everywhere  find  expres¬ 
sive  indications  of  ancient  power  and  refinement,  and  pleasing 
j)roof  that,  where  civilization  and  its  attendant  sciences  and 
arts  has  once  held  extensive  sway,  advantages  arc  secured  of 
which  it  is  almost  impo.ssible,  or  at  any  rate  very  difficult,  to 
deprive  a  people. 

I  shall  commence  with  a  brief  notice  of  the  art  of  painting 
in  Italy:  this  fine  art  has  gi’adually  declined,  and  there  seems 
to  be  no  indication  at  ])resent  of  its  recovery.  It  is  trammelled 
by  academic  .system.  The  Homan  school  is  distinguished  by 
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a  cold  affectation  of  classic  purity,  and  a  want  of  energy 
and  nature  in  all  its  productions ;  but,  whilst  we  avoid  the  er¬ 
rors  into  which  it  has  fallen,  we  should  not  allow  these,  and 
the  difference  of  its  practice  from  our  own,  to  blind  us  to 
its  good  qualities  ;  many  Roman  artists  draw  exceedingly  well, 
and  they  evince  this  power  in  the  large  and  fine  cartoons  which 
they  are  in  the  habit  of  executing  before  commencing  a  pic¬ 
ture.  But  if  the  student  in  this  country  does  not  draw  long 
enough,  which  I  think  is  the  case,  the  Italian  student,  in  ac- 
(juiring  his  mastery  of  the  crayon,  seems  to  forget  that  he  is 
ever  to  use  the  brush  ;  and  the  Italian  artists  rarely  j)rove  even 
tolerable  colourists,  whilst  their  prejudices  as  to  the  adoption 
of  many  necessary  processes  in  painting,  and  which  were  un¬ 
questionably  in  use  amongst  their  great  predecessors,  are  in¬ 
vincible.  This  was  illustrated  in  an  amusing  manner  one  day 
in  the  Florence  gallery.  An  Italian  artist  was  busy  copying  a 
Venetian  picture,  and  my  late  friend  Mr  James  Irvine,  hap¬ 
pening  to  look  at  his  work,  remarked  to  him  that  he  never 
could  hope  to  imitate  the  brilliancy  of  the  original  without 
glazing.  “  I  know  that,”  said  the  Italian,  “but  I  won’t  glaze.” 

At  Florence,  painting  is  in  much  the  same  state  as  at  Rome  ; 
of  late  some  artists  have  endeavoured  to  add  richness  in  colour 
to  the  correctness  of  their  drawing,  but  they  have  only  suc¬ 
ceeded  in  arranging  on  their  pictures  in  brilliant  juxtaposi¬ 
tion  rainbow  colours,  without  attaining  that  harmonious  effect 
which  marks  the  works  of  their  great  predecessors.  At  Naples, 
painting  is  at  a  low  ebb  ;  at  Genoa,  lower  still ;  at  Venice,  it  is 
little  better  ;  but  at  Milan  it  reckons  amongst  its  professors 
clever  men  in  some  departments  of  the  art. 

Fresco  painting  is  still  pursued  in  Italy,  but  with  most  suc¬ 
cess  by  the  Germans.  I  wish  to  avail  myself  of  this  occasion 
to  do  homage  to  the  extraordinary  merits  of  the  masters  of 
this  distinguished  school ;  in  looking  on  their  works,  we  can  ¬ 
not  but  regret  that  greater  encouragement  is  not  given  to  the 
highest  department  of  painting  in  this  country ;  in  those  which 
are  encouraged,  our  artists  excel ;  and  we  may,  I  think,  there¬ 
fore,  justly  conclude  that  ability  would  soon  be  found  to  exe¬ 
cute  works  of  the  noblest  description. 

Fngraving  may  appropriately  be  considered  after  painting. 
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You  are  all,  doubtless,  well  acquainted  with  the  great  names 
which  have  lately  marked  the  progress  of  this  art  in  Italy  ; 
most  of  these  distinguished  artists  are  now  dead.  Several  of 
Raphael  Morghen’s  pupils  are  much  esteemed,  the  best  of 
whom  are  established  at  Milan  ;  many  very  fine  and  important 
works  have  been  lately  finished  or  are  now  in  progress.  Messrs 
Ludwig  Gruner  and  Rusweigh,  both  Italianized  Germans, 
promise  to  revive  the  style  of  Marc  Antonio  with  success. 

The  Italian  engravers  are  most  successful  in  their  works 
from  historical  pictures  ;  hut  a  practice  which  they  follow  is, 
in  my  opinion,  calculated  to  prevent  their  imitating  with  fidel¬ 
ity  the  style  and  feeling  of  the  artist  whose  production  they 
copy.  They  engrave  from  highly  finished  chalk  drawings  copied 
from  pictures  by  artists  who  devote  themselves  to  this  branch  : 
however  faithfully  these  may  apparently  copy,  it  is  certain 
that  their  drawings  will,  to  a  certain  extent,  exhibit  their  pecu¬ 
liarities  of  mind  and  feeling,  and,  as  the  engraving  must  like¬ 
wise  so  far  he  marked  by  the  style  of  its  author,  the  process  is 
not  favourable  to  the  production  of  engravings  of  a  faithful 
character. 

It  is  but  fair  to  mention  that  this  practice  is  forced  upon 
the  Italian  engraver,  as  he  can  neither  transport  gallery  pic¬ 
tures  nor  frescoes  to  his  study. 

The  landscape  engravers  of  Italy  are  not  successful.  Frigid 
imitators  of  Woollet  in  general,  their  works  are  far  inferior  to 
those  of  that  admirable  master. 

Sculpture  is  certainly  the  art  which  stands  highest  in  Italy. 
Canova  rescued  it  from  the  infamy  into  which  it  had  sunk,.«nd 
his  genius  at  once  raised  it  to  excellence.  If  I  say  that  that 
immortal  artist  has  worthy  successors  amongst  his  countrymen, 
I  express,  as  strongly  as  possible,  a  favourable  opinion  of  the 
state  of  the  art.  If  we  are  to  term  that  the  Roman  school  of 
sculpture  which  reckons  amongst  its  professors  all  the  great 
sculptors  of  various  nations  who  make  the  Eternal  City  their 
fixed  place  of  residence,  then  we  must,  I  think,  hold  that  it  is 
the  first  school  existing.  England  is  worthily  represented  in 
that  united  school.  I  shall  not  venture  upon  any  comparison 
between  it  and  our  present  British  school ;  but  it  is  an  import¬ 
ant  fact,  and  to  its  honour,  that,  before  Canova  resuscitated 
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sculpture  in  Italy,  England  could  boast  a  succession  of  very 
eminent  sculptors.  I  may  mention  the  estimation  in  which 
our  great  Flaxman  is  held  in  Italy.  “  Flaxman,”  said  a  dis¬ 
tinguished  artist  to  me  on  one  occasion,  “  was  the  greatest 
sculptor  the  world  has  known  since  the  time  of  the  Greeks 
and  this  opinion  is  very  general  in  Italy.  I  touched  shortly 
on  the  state  of  painting  in  the  different  Italian  capitals.  I  shall 
pursue  the  same  course  with  sculpture,  but  more  briefly  still, 
merely  remarking  that,  with  one  or  two  exceptions,  there  are 
no  Italian  sculptors  of  eminence  out  of  Rome. 

In  connection  with  the  arts  of  painting  and  sculpture,  we 
may  now  consider  mosaic  work  and  cameo-cutting  as  practised 
in  Rome.  The  art  of  mosaic  work  has  been  known  in  Rome 
since  the  days  of  the  republic.  The  severe  rulers  of  that  period 
forbade  the  introduction  of  foreign  marbles,  and  the  republi¬ 
can  mosaics  are  all  in  black  and  white.  Under  the  empire  the 
art  was  greatly  improved,  and  not  merely  by  the  introduction 
of  marbles  of  various  colours,  but  by  the  invention  of  artificial 
stones,  termed  by  the  Italians  smalti^  which  can  be  made  of 
every  variety  of  tint. 

This  art  was  never  entirely  lost.  On  the  introduction  of 
pictures  into  Christian  temples,  they  were  first  made  of  mosaic ; 
remaining  specimens  of  these  are  rude,  but  profoundly  inter¬ 
esting  in  a  historical  point  of  view.  When  art  was  restored 
in  Italy,  mosaic  also  was  improved,  but  it  attained  its  greatest 
perfection  in  the  last  and  present  century.  Roman  mosaic,  as 
now  practised,  may  be  described  as  being  the  production  of 
pictures  by  connecting  together  numerous  minute  pieces  of 
coloured  marble  or  artificial  stones ;  these  are  attached  tn  a 
ground  of  copper  by  means  of  a  strong  cement  of  guth  mastic, 
and  other  materials,  and  are  afterwards  ground  and  polished 
as  a  stone  woidd  be  to  a  perfectly  level  surface  ;  by  this  art 
not  only  are  ornaments  made  on  a  small  scale,  but  pictures  of 
the  largest  size  are  copied.  In  former  times  the  largest  cupolas 
of  churches,  and  not  unfrequently  the  entire  walls,  were  en¬ 
crusted  with  mosaic.  The  most  remarkable  modern  works  are 
the  copies  which  have  been  executed  of  some  of  the  most  im¬ 
portant  Avorks  of  the  great  masters  for  the  altars  in  St  Peter’s. 
These  are  in  every  respect  perfect  imitations  of  the  originals  ; 
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and  when  the  originals,  in  spite  of  every  care,  must  change 
and  perish,  these  mosaics  will  still  convey  to  distant  ages  a 
perfect  idea  of  the  triumphs  of  art  achieved  in  the  fifteenth 
century.  The  government  manufactory  in  Rome  occupies 
the  apartments  in  the  Vatican  which  were  used  as  offices  of 
the  Impiisition.  No  copies  are  now  made,  but  cases  of  smalti 
are  shewn,  containing,  it  is  said,  18,000  different  tints. 
Twenty  years  were  employed  in  making  one  of  the  copies  I 
have  mentioned.  The  pieces  of  mosaic  vary  in  size  from  an 
eighth  to  a  sixteenth  of  an  inch,  and  eleven  men  were  em¬ 
ployed  for  that  time  on  each  picture. 

A  great  improvement  was  introduced  into  the  art  in 
1775  by  the  Signor  Raffaelli,  who  thought  of  preparing  the 
smalti  in  what  may  be  termed  fine  threads.  The  pastes  or 
smalti  are  manufactured  at  Venice  in  the  shape  of  crayons,  or 
like  sticks  of  sealing-wax,  and  are  afterwards  drawn  out  by  the 
workman  at  a  blow-jjipe  into  the  thickness  he  requires,  often 
almost  to  a  hair,  and  now  seldom  thicker  than  the  finest  grass 
stalk.  For  tables  and  large  articles,  of  course,  the  pieces  are 
thicker ;  but  the  beauty  of  the  workmanship,  the  soft  gradation 
of  the  tints,  and  the  cost,  depend  upon  the  minuteness  of  the 
pieces,  and  the  skill  displayed  by  the  artist.  A  ruin,  a  group  of 
flowers  or  figures,  will  employ  a  good  artist  about  two  months 
when  only  two  inches  square,  and  a  specimen  of  such  a  descrip¬ 
tion  costs  from  L.5  to  L.20,  according  to  the  execution  ;  a 
landscape,  six  inches  by  four,  would  require  eighteen  months, 
and  would  cost  from  forty  to  fifty  pounds.  This  will  strike  you 
as  no  adequate  remuneration  for  the  time  bestowed.  The 
finest  ornaments  for  a  lady,  consisting  of  necklace,  ear-rings, 
and  brooch,  cost  L.40.  For  a  picture  of  Paestuin,  eight  feet 
long,  and  twenty  inches  broad,  on  which  four  men  were  occu¬ 
pied  for  three  years,  L.IOOO  Sterling  was  asked. 

I  shall  now  notice  the  mosaic  work  of  Florence,  before 
touching  on  cameo-cutting.  It  differs  entirely  from  Roman 
mosaic,  being  composed  of  stones  inserted  in  comparatively 
large  masses  ;  it  is  called  work  in  pietra  dura.  The  stones 
used  are  all  more  or  less  of  a  rare  and  precious  nature.  In 
old  specimens  the  most  beautiful  works  are  those  in  which  the 
designs  are  of  an  arabesque  character.  The  most  remarkable 
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specimen  of  this  description  of  pietra  dura  is  an  octagonal 
table  in  the  Gahinetto  di  Baroccio,  in  the  Florence  Gallery. 
It  is  valued  at  L.20,000  Sterling,  and  was  commenced  in  1623 
by  Jacopo  Datelli,  from  designs  by  Ligozzi.  Twenty-two  art¬ 
ists  worked  upon  it  without  interruption  till  it  was  terminated 
in  the  year  1649.  Attempts  at  landscapes,  and  the  imitation 
of  natural  objects,  were  usually  failures  in  former  times, — 
mere  works  of  labour,  which  did  not  attain  their  object ;  but 
of  late  works  have  been  produced  in  this  art,  in  which  are  re¬ 
presented  groups  of  flowers  and  fruit,  vases,  musical  instru¬ 
ments,  and  other  compatible  objects,  with  a  truth  and  beauty 
which  excite  the  utmost  admiration  and  surprise.  These  pic¬ 
tures  in  stone  are,  however,  enormously  expensive,  and  can 
only  be  seen  in  the  palaces  of  the  great.  Two  tables  in  the 
Palazzo  Pitti  are  valued  at  L.7000,  and  this  price  is  by  no 
means  excessive.  These  are  of  modern  design,  on  a  ground 
of  porphyry,  and  ten  men  were  employed  for  four  years  on 
one  of  them,  and  a  spot  is  pointed  out,  not  more  than  three 
inches  square,  on  which  a  man  had  worked  for  ten  months. 
But  Florentine  mosaic,  like  that  of  Rome,  is  not  merely  used 
for  cabinet  tables  or  other  ornamental  articles ;  the  walls  of 
the  spacious  chapel  which  is  used  as  the  burial-place  of  the 
reigning  family  at  Florence  are  lined  with  pietra  dura,  real¬ 
izing  the  gem-encrusted  halls  of  the  Arabian  tales.  Roman 
mosaic,  as  we  have  seen,  is  of  great  value  as  an  ally  to  art ; 
but  Florentine  mosaic  can  have  no  such  pretensions,  and  time 
and  money  might  be  better  bestowed.  The  effect  is  far  from 
pleasing  in  the  chapel  I  have  alluded  to,  and  I  think  that  the 
art  might  be  advantageously  confined  to  the  production  of 
small  ornaments,  for  which  it  is  eminently  adapted. 

An  imitation  of  the  pietra  dura  is  now  made  to  a  great  ex¬ 
tent  in  Derbyshire,  where  the  Duke  of  Devonshire’s  black  mar¬ 
ble,  said  to  be  quite  equal  to  the  famous  Nero  Antico,  is  inlaid 
with  malachite,  Derbyshire  spars,  and  other  stones ;  but  the  in¬ 
laying  is  only  by  veneers,  and  not  done  in  the  solid  as  at  Flo¬ 
rence.  This,  with  the  softness  of  the  materials,  makes  the 
Derbyshire  work  much  cheaper,  and  yet  for  a  table,  twenty  to 
twenty-four  inches  in  diameter,  thirty  guineas  is  asked.  ^Vere 
a  little  more  taste  in  design  and  skill  in  execution  shewn,  the 
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Derbyshire  work  might  deserve  to  he  more  valued,  as  the 
materials,  especially  the  black  marble,  are  beautiful. 

I  shall  now  return  to  cameo- cutting.  This  art  is  also  of 
great  antiquity,  and  is  pursued  with  most  success  in  Rome, 
where  there  are  several  very  eminent  artists  now  living.  Ca¬ 
meos  are  of  tw’O  descriptions,  those  cut  in  stone,  or  pietra 
(tura,  and  those  cut  in  shell.  Of  the  first,  the  value  depends 
on  the  stone,  as  well  as  in  the  excellence  of  the  work.  The 
stones  most  prized  now  are  the  oriental  onyx  and  the  sardo¬ 
nyx,  the  former  black  and  white  in  parallel  layers,  the  latter 
cornelian,  brown  and  white  ;  and  when  stones  of  four  or  five 
layers  of  distinct  shades  or  colours  can  he  procured,  the  value 
is  projiortionably  raised,  provided  always  that  the  layers  be  so 
thin  as  to  ho  manageable  in  cutting  the  cameo  so  as  to  make 
the  various  parts  harmonize.  For  example,  in  a  head  of  Mi¬ 
nerva,  if  w'ell  wrought  out  of  a  stone  of  four  shades,  the  ground 
should  he  dark  grey,  the  face  light,  the  bust  and  helmet  black, 
and  the  crest  over  the  helmet  browmish  or  grey.  Next  to 
such  varieties  of  shades  and  layers,  those  stones  are  valuable 
in  which  two  layers  occur  of  black  and  white  of  regular  breadth. 
Except  on  such  oriental  stones  no  good  artist  w  ill  now  bestow 
his  time  ;  hut,  till  the  beginning  of  this  century,  less  attention 
was  bestowed  on  materials,  so  that  beautiful  middle-age  and  mo¬ 
dern  cameos  maybe  found  on  German  agates,  whose  colours  are 
generally  only  two  shades  of  gi’oy,  or  a  cream  and  a  milk-white, 
and  these  not  unfrequently  cloudy.  The  best  artist  in  Rome 
in  pietra  dura  is  the  Signor  Girometti,  who  has  executed  eight 
cameos  of  various  sizes,  from  1^  to  3^  inches  in  diameter,  on 
))icked  stones  of  several  la}ers,  the  subjects  being  from  the  an¬ 
tique.  These  form  a  set  of  specimens,  for  w'hich  he  asks  L.3000 
Sterling.  A  single  cameo  of  good  brooch  size,  and  of  two 
colours,  costs  L.22.  Portraits  in  stone  by  those  excellent  art¬ 
ists  Diez  and  Saulini  may  he  had  for  L.IO.  These  cameos  are 
all  wrought  by  a  lathe  with  pointed  instruments  of  steel,  and 
by  means  of  diamond  dust. 

Shell  cameos  are  cut  from  large  shells  found  on  the  African 
and  Brazilian  coasts,  and  generally  shew'  only  two  layers,  the 
ground  being  either  a  pale  coffee-colour  or  a  deep  reddish- 
orange  ;  the  latter  is  most  prized.  The  subject  is  cut  with 
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little  steel  chisels  out  of  the  white  portion  of  the  shell.  A 
fine  shell  is  worth  a  guinea  in  Rome.  Copies  from  the  an¬ 
tique,  original  designs,  and  portraits,  are  executed  in  the  most 
exquisite  style  of  finish,  and  perfect  in  contour  and  taste,  and 
it  may  he  said  that  the  Roman  artists  have  attained  perfection 
in  this  beautiful  art.  Good  shell  cameos  may  be  had  at  from 
1.1.1  to  L.5  for  heads,  L.S  to  L.4  for  the  finest  large  brooches, 
a  comb  costs  L.IO,  and  a  complete  set  of  necklace,  ear-rings, 
and  brooch,  cost  T..21.  A  portrait  can  be  executed  for  L.4  or 
L.5,  according  to  workmanship. 

Having  now  touched  upon  those  minor  arts  which  have 
an  intimate  connection  with  painting  and  sculpture,  I  shall 
make  a  few  observations  on  arcliitecture,  and  the  constructive 
and  decorative  arts  which  are  connected  with  that  science ; 
but  this  I  must  do  vcr>  briefly  indeed,  as  otherwise  I  should 
occupy  too  much  of  the  time  of  the  Society. 

The  architects  of  Italy  have  hut  little  scope  for  a  display  of 
ability,  as  the  i>opulation  is  not  on  the  increase,  hut,  on  the  con¬ 
trary,  except  in  parts  of  the  Austrian  States,  has  shrunk  away 
from  the  number  recpiired  to  occupy  the  palaces,  villas,  and 
houses  which  already  exist  both  in  town  and  country ;  and  this 
is  painfully  proved  by  the  number  of  empty  and  dilapidated 
edifices.  The  various  buildings  which  belong  to  Government, 
the  churches,  colleges,  and  hospitals,  have  generally  been 
built  on  a  scale  of  magnificence  which  has  never  been  excelled, 
in  some  instances  never  equalled,  in  other  countries,  hut  all 
betoken  more  or  less  the  same  melancholy  decline.  By  this 
observation  I  do  not  mean  to  convey  the  idea  that  the  build¬ 
ings  themselves  are  ruined  or  neglected  ;  I  allude  to  their 
emptiness,  and  to  the  absence  of  that  state  which  once  filled 
them  with  its  splendour.  To  her  honour,  the  hospitals  of 
Italy  have  long  been  known  for  their  number,  extent,  and 
order,  and  these  are  still  models  in  many  respects.  Although 
not  many  works,  yet  some  of  great  magnitude  are  going  on  in 
Italy,  and  in  these  taste  in  design,  magnificence  in  material, 
and  solidity  of  consti'uction,  are  displayed.  The  restoration 
of  the  Basilica  of  St  Paul’s  at  Rome  is  an  immense  undertak¬ 
ing  ;  to  effect  it,  contributions  have  been  obtained  from  all 
countrie.s,  whether  in  money  or  materials.  It  is  said  that 
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George  the  Fourth  subscribed ;  and  I  may  mention  that  the 
facade  of  anotlier  church  in  the  Eternal  City  has  been  built  at 
that  sovereign's  expense,  in  a  way  which  he  must  little  have 
anticipated.  When  the  celebrated  Gonsalvi  visited  England, 
his  Majesty  presented  him  with  a  magnificent  snuff-box,  which 
the  cardinal  in  his  will  directed  to  be  sold,  and  the  proceeds 
ai>plied  to  put  a  front  on  a  church  which  had  for  a  long  time 
been  unfinished  in  that  respect. 

The  passion  which  all  pontiffs  have  displayed  for  building 
still  animates  the  less  potent  holders  of  St  Peter’s  chair  of  our 
day  ;  and  although  inhabiting  a  palace  which  contains  twenty- 
two  court-yards,  twelve  halls  of  entrance,  twenty-two  grand 
stair-cases,  and  thirteen  hundred  of  various  descriptions  ;  two 
large  chapels,  and  eleven  thousand  rooms  and  galleries,  in 
which  miles  may  be  walked  without  returning  on  the  steps, 
yet  each  succeeding  pope  adds  or  alters,  or  marks  repairs  with 
his  sculptured  coat  of  arms. 

Although  there  is  not  much  employment  for  architects  in 
Italy,  there  can  be  no  question  of  the  skill  displayed  in  erect¬ 
ing  their  designs.  The  masonry  is  excellent,  and  the  ancient 
Roman  brick-work  is  rivalled  by  that  of  the  present  genera¬ 
tion  ;  houses  are  built  of  brick,  in  which  all  the  exterior  de¬ 
corations  are  moulded  in  that  material  as  perfectly  as  if  exe¬ 
cuted  in  stone.  The  skill  with  which  the  Italian  workmen 
build  in  brick  may  be  exemplified  by  a  notice  of  the  Floren¬ 
tine  practice  of  arching  over  rooms  without  centering  of  any 
description.  Two  thin  moulds  of  board,  the  shape  of  the  in¬ 
tended  arch,  alone  are  used ;  these  are  placed  at  each  end  of 
the  apartment  which  it  is  intended  to  cover  in,  and  pieces  of 
string  are  stretched  from  the  one  to  the  other,  guiding  the 
workman  as  he  advances  in  the  formation  of  his  arch,  which 
he  builds,  uniting  the  bricks  by  their  thin  edges  (greatly 
thinner  than  in  those  we  use),  and  trusting  entirely  to  the  te¬ 
nacity  and  quick  setting  of  the  cement. 

Plastering  is  carried  to  a  perfection  in  Italy  of  which  we 
have,  1  believe,  no  idea  in  this  country;  rooms  are  so  exquisitely 
finished,  that  no  additional  work  in  the  shape  of  house-paint¬ 
ing  is  recpiired,  the  polish  of  the  plaster  and  its  evenness  of 
tint  rivalling  fine  porcelain.  At  times  the  surface  of  the  plas- 
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ter  is  fluted,  or  various  designs  are  executed  in  intaglio  upon 
it,  in  the  most  beautiful  manner.  Scagliola,  a  very  fine  pre¬ 
paration  from  gypsum,  is  the  material  chiefly  used. 

As  an  instance  of  the  cheap  rate  at  which  this  work  is  done,  1 
may  mention  the  new  ball-room  in  the  Palazzo  Pitti,  grand-du¬ 
cal  residence  at  Florence,  which,  including  mouldings,  figures, 
bas-reliefs,  and  ornaments,  was  executed  at  a  cost  of  two 
crowns  for  every  four  feet  square. 

Work  in  scagliola  naturally  follows  in  my  notice  of  the 
arts  of  architectural  decoration  ;  but  this  I  need  not  describe, 
as  the  art  is  now  practised  in  England  with  great  success, 
and  an  artist  has  lately  settled  in  Edinburgh,  whom  1  ear¬ 
nestly  hope  may  meet  with  encouragement.  A  most  beautiful 
art  may  be  mentioned  here,  in  connection  with  the  last,  1 
mean  that  of  making  what  are  termed  Venetian  pavements, 
which  might  advantageously  he  introduced  into  this  coun- 
tiy.  The  floors  of  rooms  arc  finished  with  this  pavement, 
as  it  is  somewhat  incongi’uously  termed,  and  I  shall  briefly 
describe  the  mode  of  operation  in  making  these,  but  must 
first  observe  that  they  are  usually  formed  over  vaults.  In 
the  first  place,  a  foundation  is  laid  of  lime  mixed  with  poz- 
zolana  and  small  pieces  of  broken  stone ;  this  is  in  fact  a 
sort  of  concrete,  which  must  he  well  beaten  and  levelled. 
AVhen  this  is  perfectly  dry,  a  fine  paste,  as  it  is  termed  by  the 
Itfdians,  must  be  made  of  lime,  pozzolana,  and  sand  ;  a  yel¬ 
low  sand  is  used  which  tinges  the  mixture ;  this  is  carefully 
spread  to  a  depth  of  one  or  two  inches,  according  to  circum¬ 
stances.  Over  this  is  laid  a  layer  of  irregularly  broken  mi¬ 
nute  \»ieccs  of  marble  of  different  colours,  and  if  it  is  wished, 
these  can  he  arranged  in  patterns.  After  the  paste  is  com- 
jdctel}'  covered  with  pieces  of  marble,  men  proceed  to  beat 
the  floor  with  large  and  heavy  tools  made  for  the  purpose; 
when  the  whole  has  been  beaten  into  a  compact  mass,  the 
paste  appearing  above  the  pieces  of  marl)le,  it  is  left  to  harden. 
It  is  then  rubbed  smooth  with  fine  grained  stones,  and  is 
finally  brought  to  a  high  polish  with  emery  powder,  marhle- 
du.st,  and,  lastly,  boiled  oil  rubbed  on  with  flannel. 

'fills  makes  a  dui’able  and  very  beautiful  floor,  which  in  this 
country  would  be  well  adapted  for  halls,  conservatories,  and 
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other  buildinj's.  In  connection  with  the  arts  which  the  archi¬ 
tect  summons  to  his  aid,  I  shall  now  notice  that  of  ornamental 
sculpture ;  and  here  again  we  must  acknowledge  the  superior 
skill  of  the  Italians.  The  chief  encouragement  to  ar¬ 
tists  of  this  description,  is  that  given  by  foreigners,  especially 
by  English  travellers  in  Italy.  Copies  of  ancient  sculptures, 
vases,  chimney-pieces,  and  other  ornamental  articles,  are  exe¬ 
cuted  in  the  most  perfect  manner,  and  at  a  very  cheap  rate. 
Such  is  the  skill  of  the  Italian  workmen,  that  a  native  of  Car¬ 
rara  actually  cut  a  bird-cage  in  marble,  which  he  presented 
to  his  sovereign  the  Duke  of  Modena,  who,  by  the  return  he 
made,  rather  shewed  his  sense  of  the  folly  of  the  sculptor,  than 
of  his  patient  perseverance  in  the  production  of  so  useless  a 
specimen  of  his  skill. 

But  whilst  the  sculptor  displays  his  skill  in  these  compara¬ 
tively  trifling  departments,  he  is  equally  successful  in  the  exe¬ 
cution  of  architectural  details  on  the  most  gigantic  scale,  whe¬ 
ther  in  solid  marble  or  in  veneer.  By  this  latter  art  he  pro¬ 
duces  magnificent  columns  plain  and  fluted,  the  core  of  which 
is  of  coarse  stone,  but  the  joining  of  the  marble-coating  is  so 
perfect,  that  the  finished  jtillar  seems  a  mass  of  solid  marble. 
The  marble  is  attached  in  a  rough  state  to  the  core  by 
means  of  a  cement  composed  of  resin  and  marble  dust,  which 
is  so  tenacious,  that  it  admits  of  the  hsmimering,  chiselling, 
and  polishing  necessary  in  finishing  the  work.  By  means  of 
this  system  of  veneering,  the  interior  walls  of  churches  and 
other  buildings  are  encrusted  with  rich  and  Aaried  marbles, 
and  tables  and  other  articles  of  furniture  are  manufactured 
at  a  very  cheap  rate.  The  art  which  1  have  just  described  is, 
in  fact,  that  of  pietra  dura  on  a  gigantic  scale. 

With  the  sculpture  of  the  Italians  in  alabaster,  you  must 
be  all  acquainted.  This  art  is  chiefly  practised  at  Pisa,  Florence, 
and  liCghorn.  The  material,  besides  being  used  in  sculpture, 
is  ingeniously  aj>plied  in  Rome  to  the  manufacture  of  false 
pearls.  The  i>iecesof  alaba.ster,  after  being  turned  and  tiled  into 
the  proper  shape,  are  enveloped  in  a  brilliant  ))a.>te,  made 
with  the  scales  of  a  very  small  fish  found  nem'  the  shores  of 
the  Mediterranean. 

To  return  tt»  the  :  uhsidiarv  arts  of  architecture,  I  may  re- 
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mark,  that  the  carpentr}'  of  the  Italians,  as  observable  in  ordi¬ 
nary  houses,  display  s  little  skill  and  indifferent  workmanship  ; 
but  in  the  roofs  and  floors  of  important  buildings,  they  satLs- 
factorily  prove  their  knowledge  of  scientific  principles,  and  se¬ 
veral  of  their  designs  are  well  known  to  British  architects. 

With  regard  to  the  working  of  iron,  in  compainson  with  our 
system  the  Italian  is  primitive  indeed  ;  yet  at  times  they  can 
and  do  produce  very  good  specimens  of  workmanship,  but  at  a 
heavy  cost ;  consequently  they  are  generally  content  with  very 
ordinary  productions.  A  manufactory  of  wire,  and  of  driving 
and  screw  nails,  by  means  of  machinery,  now  occupies  the  villa  of 
Meccenas  at  Tivoli ;  the  articles  produced  are  very  well  made. 
Copper  is  extensively  used  in  Italy,  and  there  are  productive 
mines  in  the  Maremnta  Toscana.  The  workmanship  of  articles 
made  of  this  metal  is  respectable  ;  various  utensils  are  made 
of  brass  in  a  very  neat  and  satisfactory  manner,  but  in  the  in¬ 
terior  finishing  of  houses,  if  much  nicety  is  recpiired,  articles 
of  foreign  manufacture  are  used. 

House-painters  may  be  mentioned  in  the  last  place,  and 
these  display  much  taste  and  skill ;  and  there  is  a  class  of  them 
who  greatly  excel  those  in  this  country,  having  more  the  feel¬ 
ing  and  taste  of  artists.  Surrounded  by  the  finest  models  in  this 
art,  the  Italian  decorator  enjoys  every  advantage  in  its  study, 
and  he  inherits  besides  from  the  best  periods  of  art,  or  I’atber 
from  all  antiquity,  taste  and  a  good  system  of  workmanship. 
He  is  not  a  mere  machine  like  the  workman  in  this  country, 
who  has  little  use  for  an  intellect  beyond  enabling  him  to  use 
his  moulds,  stamps,  and  the  various  mechanical  contrivances 
which  confine  all  our  decorative  arts  within  such  commonplace 
limits. 

In  all  old  architectural  drawings  and  engravings,  Ave  find 
a  vigorous  ai’tist-like  stylo,  which  is  reflected  in  the  Avorks  done 
from  them.  In  the  architectural  engravings  of  the  present 
day,  every  thing  is  sacrifiecd  to  a  display  of  dexterity  in  the 
use  of  the  burin  ;  the  spirit  of  the  original  ornaments  is  never 
represented.  Hoav  strongly  this  is  illustrated,  for  example,  in 
our  engi’avings  from  Etruscan  vases  !  ^Vorks  executed  from 
such  engravings,  or  from  draAvings  like  them,  are  naturally 
stiff  and  lifeless  like  the  models.  People  Avho  possess  a  feed- 
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ill”;  ot‘  taste,  dissatisfied  with  such  productions,  seek  to  replace 
them  with  older  specimens,  and  amonirst  other  things  very  in¬ 
convenient  carved  chairs  and  tables,  in  the  workmanship  of 
which  they  find  a  pleasure  in  tracing  the  influence  of  mind. 
Hut  the  cleverness  in  the  workmanship  of  these  specimens  has 
greatly  misled  the  taste  of  the  day ;  and  the  abominations  of 
I'^lizabethan  architecture,  lately  dignified  with  the  name  of 
the  Jienaissance  style,  of  which  however  it  is  a  mere  carica¬ 
ture,  the  extravagances  of  the  liOuisXlV.  and  XV.  eras,  or  the 
debonnaire  barbarisms  of  AVatteau,  have  contributed  to  the  ba¬ 
nishment  of  a  healthy  taste  in  style.  To  restore  a  feeling  for 
better  art,  the  purer  styles  of  classic  or  Gothic  art  must  again 
be  executed  in  the  spirit  of  better  times,  and  to  grace  of  form 
must  be  added  feeling  in  execution. 

I  shall  now'  turn  to  the  engineering  works  of  Italy,  a  subject 
worthy  of  much  attention,  but  on  w'hich  I  regret  to  say  1  am 
able  to  say  very  little  indeed.  The  greatest  works  I  sa^\P  go¬ 
ing  on  were  those  at  Tivoli,  and  from  the  Ombrone  to  the 
Lake  of  Castiglione  in  the  Tuscan  Maremma.  I  shall  merely 
offer  a  very  brief  description  of  these  works,  necessarily  very 
imperfect,  as  I  write  entirely  from  memoi’y.  'J'he  Tiber  or 
Aniene,  on  reaching  Tivoli,  w'as  dammed  up  by  the  architect 
Bernini ;  precipitating  itself  over  the  lofty  barrier  he  raised, 
it  disappeared  under  the  rocks  on  which  the  town  is  built,  and 
was  seen  again  in  the  celebrated  grotto  of  Neptune  ;  rushing 
out  of  this  remai’kable  cavern  it  fell  into  another  abyss,  and 
again  vanished  into  the  grotto  of  the  Sirens,  from  w'henee  it 
issued  in  the  deep  valley  under  Tivoli,  several  hundred  feet 
below’  its  original  level.  The  pencils  of  the  painters  of  every 
nation  have  been  employed  for  centuries  with  this,  I  may  say, 
terrible  scenery,  this  orrido  hello,  of  the  fails  of  Tivoli.  They 
may  now  depict  the  rocks,  but  the  w’aters  are  gone  for  ever. 
Some  years  ago,  Bernini’s  dam  w  as  carried  away  in  a  ffood  ;  it 
was  rebuilt  by  the  Pope’s  engineers,  but  if  I  remember  aright 
the  river  got  the  better  of  them  and  threw  down  their  work  ; 
at  last  they  dammed  up  old  Tiber,  and  made  the  very  ugliest 
waterfall  that  ever  unfortunate  artist  contemplated,  it  was 
discovered  that  the  river,  in  ])assing  through  Neptune's  grotto, 
had  worn  away  the  rocks  in  stu  h  a  manner  that  the  tow  n  and 
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its  temple  depended  on  a  rugged  pillar,  the  duration  of  which 
could  not  be  calculated  upon.  To  prevent  the  town  paying  a 
visit  to  the  Sirens  beneath,  it  Avas  resolved  to  turn  the  river, 
and  it  will  be  acknowledged  that  this  was  a  bold  undertaking  : 
Availed  in  by  mountains,  it  sought  a  passage  under  them  ;  and 
to  a  certain  extent  imitating  the  operations  of  nature,  the  en¬ 
gineers  have  carried  the  river  through  tAvo  parallel  tunnels, 
and  tumbled  it  into  the  valley  beyond  the  Siren.s’  grotto  over 
a  bank  tAvice  or  perhaps  three  times  as  high  as  the  Calton  hill. 
1  have  made  a  plan  from  memory  (fig.  1.)  of  this  operation,  as 
the  best  mode  of  explaining  it.  The  engineers  have  saA’ed 
Tivoli,  but  its  romantic  beauty,  as  far  as  the  river  is  concerned, 
is  gone  for  ever. 

4'he  other  engineering  Avork  AA’hich  I  mentioned,  namely  the 
canal  from  the  Ombrone  to  the  Lake  of  Castiglione,  has  ex¬ 
cited  much  interest.  The  Lake  of  C'a.stiglione,  anciently  the 
Lacits  Prilis,  falling  very  Ioav  in  summer,  left  much  marshy 
ground  uncovered,  in  Avhich  Avere  numerous  stagnant  pools, 
and  quantities  of  putrid  herbage,  making  the  air  poisonous  in 
hot  AA'eather,  and  breeding  myriads  of  noxious  insects.  To 
remedy  these  evils,  Leopold  the  First  ordered  his  architect 
Ximenes  to  make  a  canal  from  the  river  Ombrone  to  the 
lake ;  by  this  means  it  Avas  intended  to  keep  the  latter  con¬ 
stantly  at  the  same  level.  This  Avork  aa  jis  finally  executed  by 
the  present  Grand  Duke  in  the  year  1830,  and  by  means  of  a 
canal  seven  miles  long  and  tAventy-five  feet  broad,  a  sufficiency 
of  Avater  is  supplied  to  keep  the  lake  at  a  proper  level ;  so 
sufficient  indeed  Avas  the  supply  that  the  Avhole  surrounding 
country  Avas  oveidloAved  the  first  year,  but  this  has  been  re¬ 
medied.  The  air  it  is  said  has  been  improved  ;  but,  Avhen  I 
visited  Castiglione  in  1832,  I  found  that  all  avIio  could  left  it 
in  the  summer  months,  and  all  Avho  remained  had  the  fever. 
Some  notice  may  be  expected  from  one  of  the  engineering 
Avorks  in  the  Pontine  marshes:  but  like  other  British  travellers, 
I  have  only  galloj)cd  through  them,  and  have  merely  to  state 
that  the  attempts  to  drain  them  cost  a  million  of  money. 

The  roads  in  the  north  of  Italy  are  excellent,  and  indeed 
generally  throughout  the  Peninsula.  Although  a  .small  porti(»n 
/;om)>aratiAely  f>f  the  country  is  intersected  by  roads.  1  have 
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travelled  many  miles  over  turf,  or  by  small  tracks  on  the  coast 
or  on  the  mountains.  Towns  are  almost  universally  built  on 
eminences ;  consequently  the  roads  are  hilly,  but  I  think  less 
so  than  woidd  be  supposed  from  the  nature  of  the  country,  and 
both  in  direction  and  in  smoothness,  they  greatly  excel  those 
of  France. 

The  system  of  road-making  followed  is  nearly  the  same  as 
that  adopted  by  the  late  Mr  Telford,  that  is  to  say,  a  pave¬ 
ment  of  stones  is  lirst  formed  upon  which  the  metal  is  laid; 
but  I  do  not  think  that  the  principles  advocated  by  our  great 
engineer  are  followed  out  in  the  formation  of  the  pavement. 
Excellent  roads,  however,  are  the  result  of  the  system,  even 
although  gravel  is  used  instead  of  broken  metal.* 

\  arious  principles  of  paving  are  now  exciting  much  atten¬ 
tion  in  London  ;  it  is  to  be  regi’etted  that  something  like  a  sen¬ 
sible  principle  is  not  followed  in  Edinburgh.  In  Italy  various 
modes  are  adopted,  in  Genoa  and  at  Naples  large  flat  paral¬ 
lelograms  of  lava  are  used,  at  Florence  large  irregular  poly¬ 
gons  carefully  jointed,  and  at  Rome  a  pavement  resembling 
our  own,  except  that  the  stones  are  of  regular  forms,  of  one 
size,  and  grouted  in  with  lime  and  pozzolana. 

I  shall  now  touch  very  briefly  on  a  few  arts  of  Italy  which 
remain  to  be  described,  and  shall  then  take  the  liberty  of  bring¬ 
ing  before  you  one  or  two  contrivances  which  struck  me  as  in¬ 
genious  and  of  which  I  have  prepared  drawings. 

The  goldsmiths  of  Italy  produce  ornaments  which  are  botl» 
remarkable  for  taste  and  workmanship,  especially  those  of 
Genoa  and  Venice.  I  am  enabled  to  shew  you  some  trifling 
specimens  which  our  workmen  cannot  ecpial. 

After  the  goldsmiths  I  may  mention  the  makers  of  bronze 


*  I  have  not  seen  the  railroad  which  has  been  lately  made  from  Naples 
to  Castellamare,  but  am  well  acquainted  with  the  line  ;  a  novel  question  in 
engineering  must  arise  in  considering  how  it  is  to  be  protected  from  the 
lava  of  Vesuvius.  This  I  believe  will  not  be  very  dilKcult,  but  it  has  a  more 
insidious  enemy  in  the  earthquake,  and  a  more  overwhelming  one  in  th« 
showers  of  scorin'  and  ashes  which  accompany  an  eruption. 

Hailways  may  be  useful  in  Italy  to  promote  her  commcr.  ial  prosperity  , 
but  1  pity  the  man  who  could  think  of  travelling  in  such  a  manner  through 
:my  part  of  that  country. 
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ornaments  and  figures ;  tliis  is  an  art  in  which  the  Italians 
shew  much  taste  and  dexterity,  so  much  dexterity  indeed  that 
they  sell  numbers  of  antique  bronzes  of  modern  fabric  yearly 
to  soi-disant  antiquaries,  who,  however,  neitlier  possess  that 
extensive  learning  nor  profound  experience  and  correct  taste 
necessary  to  constitute  such  a  character.  It  is  much  the  prac¬ 
tice  in  Rome  to  take  moulds  from  real  lizards  and  to  cast  them 
in  bi’onze ;  these  make  very  pretty  ornaments  for  the  table. 
I  regret  that  I  am  unable  to  give  you  an  idea  of  the  value  set 
upon  these  works. 

The  manufacture  of  glass  is  piu’sued  with  great  success  in 
Venice  :  the  numerous  glass  ornaments  for  ladies  which  come 
thence  are  well  known,  and  the  endless  varieties  of  form  and 
combinations  of  colour  given  to  glass  beads  for  rosaries  and 
embroidery,  or  vessels  for  domestic  use,  are  very  ingenious  and 
beautiful.  The  ruby  glass  of  the  1500  and  1000  can  now  be 
imitated  so  as  to  make  imposition  a  famous  trade,  the  false 
being  only  distinguishable  by  weight.  Glasses  are  also  made 
in  which  white  threadlike  linos  of  arsenic  are  incorporated. 
The  process  by  which  they  make  sheet-glass  diffei’s  from  ours. 
Instead  of  being  formed  into  immense  circular  sheets,  the  Ve¬ 
netian  workman  blows  cylinders  of  considerable  length  and 
diameter  ;  he  then  cuts  off  the  two  ends  of  his  cy  linder,  dexte¬ 
rously  slits  it  down  one  side,  and  spreads  it  flat  on  a  table  in  an 
oven.  By  this  proce.ss  sheets  of  a  suflicient  size  are  made,  and 
there  is  no  loss  as  in  those  fabricated  in  this  country. 

I  think  that  I  have  lately  observed  that  the  process  which  I 
have  thus  briefly  described  is  practised  at  some  manufactory 
in  England. 

The  velvets  of  Genoa,  and  the  exquisitely  turned  ware  of 
the  same  place,  the  straw  hats  of  Tuscany,  the  silks  of  Florence, 
the  embroideries  of  Rome,  the  musical  instruments  and  musi¬ 
cal  strings,  and,  although  last  not  least,  the  maccaroni,  of 
Naples,  are  all  samples  of  skill  creditable  to  the  Italians.  As 
1  never  met  any  one  who  could  guess  by  what  process  macca¬ 
roni  is  made  into  pipes,  1  have  made  a  drawing  of  the  copper 
plate  (fig.  2.)  through  which  it  is  squeezed,  in  case  any  mem¬ 
ber  of  the  society  should  wish  to  understand  it. 

1  shall  now  re(jiust  your  attention  to  this  litliograph  of  a 
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triumphal  arch  (fig.  3).  This  is  a  specimen  of  an  art  in  which 
the  Italians  display  both  taste  and  gi*eat  ingenuity,  and  Avhich 
seems  to  me  deserving  of  notice,  for  althougli  it  may  be  deemed 
useless  by  some,  yet  it  contribiites  largely  to  their  happiness. 

I  allude  to  their  preparations  for  festivals  and  pageants.  With¬ 
out  entering  into  any  description  of  these,  I  shall  content  my¬ 
self  with  e.xhibiting  a  print  of  a  triumphal  arch  erected  at  Ti¬ 
voli  on  the  occasion  of  a  visit  from  his  Holiness  the  Pope, 
lirections  of  this  description  arc  put  up  in  a  day  or  two,  being 
formed  of  a  frame-work  of  wood,  covered  with  coarse  canvass 
painted  in  imitation  of  stone.  The  has  reliefs  are  of  stucco, 
and  the  statues  are  formed  of  straw,  arranged  round  u  ooden 
su})ports  ;  casts  of  heads,  hands,  and  feet  are  easily  procured 
and  attached.  This  aninia  (soul),  as  it  is  termed,  is  skilfully 
enveloped  in  drapery  of  cotton  cloth,  which  is  tastefully  ar¬ 
ranged  by  an  artist,  and  is  then  lightly  brushed  over  with 
white-wash,  which  stifiens  it.  That  a  knowledge  of  the  art 
displayed  in  erecting  this  arch  may  be  useful,  may  I  tbink  be 
proveil,  by  an  allusion  to  the  gallows-like  erection  under  which 
his  Majesty  George  IV.  passed  when  he  entered  Edinburgh. 

I  now  beg  your  attention  for  a  few  minutes,  whilst  I  de¬ 
scribe  the  ne.\t  drawing  (fig.  4).  In  the  summer  of  1833 
I  made  a  journey  from  Leghorn  to  Rome  along  the  coast,  a 
terra  incognita  to  most  travellers,  my  object  being  to  trace 
the  Via  Aurelia.  At  Orbetello,  the  last  town  in  the  Tuscan 
States,  besides  making  some  interesting  antiquarian  disco¬ 
veries,  I  observed  the  boats  which  I  am  about  to  describe. 
Orbetello  stands  upon  a  peninsula,  projecting  into  a  shallow 
lagoon  of  some  extent;  the  boats  which  are  used  upon  it,  are 
fiat-bottomed,  rise  considerably  at  the  bow  and  stern,  being 
lowest  at  midships,  across  which  part  of  the  vessel  a  beam  is 
fastened,  about  four  inches  thick  each  way,  and  which  pro¬ 
jects  about  two  feet  six  inches  over  each  side.  On  each  of  the 
ends  of  this  beam  an  oblong  i)icce  of  plank  is  nailed,  the 
longest  sides  being  horizontal,  and  a  stout  pin  rises  from  each 
of  these.  The  oars  are  of  considerable  length  in  proportion 
to  the  boat,  and  of  great  breadth  in  the  blade,  which  is  of  the 
form  shewn  in  the  drawing.  These  oars  rest  upon  the  pieces 
of  board  at  the  ends  of  the  cross-beam,  being  attached  to  the 
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pin  by  means  of  a  piece  of  cord,  in  this  last  respect  resembling 
a  mode  adopted  in  boats  on  our  own  coasts.  The  blade  of  the 
oar  slightly  overbalances  the  portion  within  the  fulcrum  on 
which  it  rests,  the  handles  nearly  touch  each  other,  meeting 
a-midship.  By  this  contrivance,  one  man  can  manage  a  pair 
of  very  powerful  oars,  and  can  drive  a  boat,  which  is  appa¬ 
rently  but  ill  adapted  from  its  form  for  speed,  with  surprising 
rapidity  through  the  water ;  he  can  arrest  its  progress,  or  turn 
it  with  equal  rapidity  and  certainty,  and  with  very  little  ex¬ 
ertion. 

]My  knowledge  of  boats  and  ships  is  indeed  very  trifling, 
but  I  could  not  help  seeing  how  easily  the  fisher  of  Orbetello 
mancL'uvred  his  rude  boat ;  and  therefore  I  have  been  induced 
to  bring  forward  this  notice  of  a  vessel  and  mode  of  rowing 
which  I  am  not  aware  has  been  described.  Besides,  it  sug¬ 
gests  ideas  as  to  the  probable  mode  in  which  the  ancients  ma¬ 
naged  their  triremes,  well  worthy  the  attention  of  the  anti¬ 
quary,  especially  if  he  will  combine  the  hint  thus  obtained 
with  the  modes  of  rowing  followed  in  the  Bay  of  Naples  on 
board  the  Soirentine  boats,  which,  I  have  been  led  to  ima¬ 
gine  from  an  examination  of  pictures  in  Pompeii,  are  mucli 
the  same  in  every  respect  as  the  galleys  which  in  old  times 
navigated  the  same  sea. 

My  next  drawing  represents  (fig.  5),  by  means  of  a  section, 
an  apparatus  used  in  Italy  for  warming  baths.  I  need  not  de¬ 
scribe  it,  but  shall  merely  observe  generally,  that  it  is  made 
of  coi)per  ;  the  live  charcoal  is  put  upon  the  grating  A,  which 
is  put  into  the  stove  by  means  of  the  handle  B,  the  fire  is  kept 
alive  by  air  supplied  through  the  tubes  C  C,  and  when  im¬ 
mersed  in  tlie  water  of  a  slipper-bath,  this  light  and  portable 
apparatus  will  heat  it  in  a  quarter  of  an  hour.  I  think  it  might 
be  useful  in  this  country. 

In  the  (fig.  G)  same  drawing  I  have  introduced  the  ladders 
used  by  architects  in  Rome  in  measuring  the  antiquities,  and 
by  the  fire-brigade.  Probably  tliese  are  known  here,*  yet  we 

*  I  am  informed  that  tlic  sc'aliu;T  ladders  used  in  our  army  are  of  this 
description  (fig.  C  A).  The  ladder  (fig.  0  is  used  by  the  Koinan  fire-bri- 
g.ado,  being  very  light,  and  is  hooked  over  a  window  sill.  1  have  often  seen 
men  ascend  into  houses  by  mean.--  of  this  ladde  r. 
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see  immense  and  heavy  ladders  carried  about  which  these  Ro¬ 
man  ones  woidd  better  supply  the  place  of ;  they  can  be  used 
in  one,  two,  or  half  a  dozen  lengths,  as  may  be  required,  are 
very  easily  carried,  put  together  in  a  minute  or  two,  and  would 
be  very  useful  in  cases  of  fire.  With  regard  to  fire-escapes, 
a  Roman  apparatus  has  been  brought  to  my  recollection  by 
several  London  fires  lately  described.  On  these  lamentable 
occasions  six  or  seven  lives  were  saved  by  the  simple  expedi¬ 
ent  of  individuals  beneath  holding  a  blanket,  into  which  the 
sufferers  jumped  and  thus  reached  terra  firma  in  safety,  even 
from  top  stories ;  on  one  occasion  lately,  I  observed  a  man, 
his  wife  and  child,  saved  by  the  use  of  a  watchman’s  great 
coat  to  break  their  fall.  At  Rome  the  fire-brigade  is  fiu*- 
nished  with  a  large  sheet  of  sail-cloth  bound  with  rope,  in 
which  loops  are  left  at  convenient  distances.  At  every  review 
of  the  men,  by  way  of  setting  an  example  to  the  Roman  citi¬ 
zens,  and  shewing  them  what  to  do  if  burned  out,  every  fire¬ 
man  jumps  from  the  second  story  of  some  chosen  house  into 
this  sheet ;  shouts  of  applause  gi’eet  the  skilful  jumpers,  and 
roars  of  laughter  those  who  precipitate  themselves  down  in  a 
less  graceful  manner.  I  think  that  we  might  take  the  hint, 
esi)ecially  as  late  fires  in  London  have  proved  the  use  of  this 
cheap  apparatus. 

1  now  close  this  paper  with  many  apologies  for  having  de¬ 
tained  you  so  long.  The  engineering  works  I  have  briefly  de¬ 
scribed  may  seem  trifling  as  compared  with  those  extrordinary 
and  gigantic  operations  you  are  accustomed  to  in  this  coun¬ 
try  ;  but  I  woidd  .‘isk  you  to  consider  the  relative  extent,  power, 
and  resources  of  the  states,  and  you  must  then  allow  that  they 
are  very  creditable  to  the  Italian  Governments. 

The  Italians,  we  have  seen,  are  still  remarkable  for  their 
taste  and  skill  in  many  beautiful  arts,  and  for  nearly  3000 
years  they  have  been  thus  distinguished.  Various  arts  were 
successfully  i)ractised  by  the  Etruscans,  and  when  they  were 
subdued  by  the  ruder  Romans,  they  did  not  lose  their  skill,  but 
enlightened  their  masters. 

The  conquest  of  Greece  filled  Italy  with  artists  and  works 
of  art ;  and  when  northern  hordes  overwhelmed  the  empire, 
these  ruthless  barbarians  were  gradually  softened  by  the  fine 


llO  Dr  Richardson  on  the  Frozen  Soil  of  North  America. 

arts  of  the  people  they  had  conquered.  A  new  power  arose 
in  Italy,  and  by  its  influence  again  she  became  pre-eminent  in 
Europe,  and  we  know  to  what  illustrious  perfection  the  fine 
arts  again  attained. 

In  our  sale-rooms  we  see  sold  every  winter  many  cracked 
and  dingy  daubs,  and  with  these  before  him,  the  auctioneer 
rings  the  changes  on  some  half-dozen  names,  as  if  the  Italian 
school  could  boast  no  more ;  but  a  host  of  artists  attest  the 
fertility  of  Italy  in  the  j»roduction  of  men  of  talent ;  and  in 
Lanzi’s  dictionary,  1000  names  will  be  found  before  the  reader 
reaches  the  middle  of  the  letter  D  in  the  index. 

I  have  imperfectly  described  to  you  some  of  the  arts  which 
the  Italian  has  inherited.  1  shall  close  this  paper  by  observ¬ 
ing  that,  whatever  public  work  is  undertaken  in  Italy — where- 
ever  improvement  is  contemplated,  even  although  it  should 
not  be  extensive,  it  is  justly  thought  that  the  assistance  and 
advice  of  the  artist,  whose  taste  and  judgment  have  been  cul¬ 
tivated,  ought  to  be  secured,  and  there  is  no  practice  in  its 
full  extent  more  worthy  of  our  imitation.* 


On  the  Frozen  Soil  of  North  America.  By  .Tohn  Richardson, 
M.D.,  F.R.S.,  &c.  Inspector  of  Naval  Hospitals.  Commu¬ 
nicated  by  the  Author.! 

At  the  meeting  of  the  British  Association  held  at  Edinburgh 
in  the  year  1834,  M.  Arago  addressed  the  Committee  of  Re¬ 
commendations  on  the  necessitif  of  more  extensive  and  sys¬ 
tematic  observations  on  the  temperature  of  the  earth.  In  the 
course  of  the  discussion  which  ensued,  1  mentioned  the  ad¬ 
vantages  of  correct  measurements  (f  the  depth  of  permanently 
frozen  soil  in  the  northern  parts  of  America,  and  at  the  sug¬ 
gestion  of  the  members  then  present,  undertook  to  apply  per¬ 
sonally  to  the  Governor  and  Committee  of  the  Hudson’s  Bay 
Company,  requesting  that  they  would  give  directions  for  mak- 

*  Ml’  Wilson  exliibitctl  numerous  speeimens  of  mosaic,  pietra  dura,  ca¬ 
meos  of  different  ages  in  pietra  dura,  and  specimens  of  shell  cameos ;  also 
of  Genoese  and  Venetian  jewellery,  Venetian  glass,  and  ruby  glass,  together 
with  numerous  prints  and  drawings. 

*  Head  before  the  Wernerian  Society,  Dec.  12.  1810. 
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ini'  the  necessary  observations  as  fully  as  the  means  available 
at  their  several  posts  would  allow.  I  wrote,  accordingly,  to 
the  Governor,  now  Sir  John  H.  Pelly,  Bart.,  stating  fully  the 
object  in  view,  and  the  mode  of  making  the  observations  ;  and 
that  gentleman  and  the  other  members  of  the  Committee  of 
the  Company,  with  the  zeal  for  the  advancement  of  science  for 
which  they  have  long  been  distinguished,  early  in  1835  trans¬ 
mitted  copies  of  my  letter  to  the  several  chief  factors  in  charge 
of  districts  in  the  fur  countries,  ith  instructions  for  them  to 
comply  with  the  directions  therein  expressed. 

Pits  were  dug  at  upwards  of  fourteen  different  posts  in  the 
autumn  and  winter  following,  but  the  reports  of  the  results 
did  not  reach  me  until  the  beginning  of  the  present  month 
(\ovember  1840).  In  the  mean  time,  the  infpiiry  had  been 
rendered  more  interesting  to  scientific  men  in  England  by 
I’rofessor  Baer’s  papers  on  “  The  Ground  Ice  or  Frozen  Soil 
of  Siberia,'^  published  in  the  Journal  of  the  Geographical 
Society  for  1838  and  not  being  aware  that  my  former  let¬ 
ter  had  been  acted  upon,  I  again  di’ew  up  a  paper  having 
similar  objects  in  view,  which  was  printed  in  the  Geographical 
Journal  for  1839,  together  with  “  Some  notes  on  the  best 
l>oints  in  British  North  America  for  making  observations  on 
the  Temperature  of  the  Air.”  Copies  of  both  were  trans¬ 
mitted  that  same  season  to  Hudson’s  Bay,  together  with 
twenty-six  thermometers,  carefully  constructed  by  Newman. 
These  thermometers  were  ordered  by  the  council  of  the  Royal 
Geographical  Society,  but  the  governor  and  committee  of  the 
Hudson’s  Bay  Company  liberally  determined  to  defray  the 
expense  themselves.  Unfortunately  the  greater  part  of  the 
thermometers  were  destroyed  by  accident  in  the  overland  jour¬ 
ney,  and  some  of  the  remaining  ones  were  lost  in  the  winter  by 
their  ivory  scales  curving  and  breaking  the  tubes ;  a  mischance 
which  has  not  happened  to  thermometers  with  metal  scales  in 
that  country.  By  these  accidents  we  have  been  deprived  for  a 
time  of  a  knowledge  of  the  mean  temperature  of  the  atmo¬ 
sphere  in  the  northern  zones  of  America,  and  consequently  of 
the  means  of  calculating  theoi’etically  the  depth  of  the  frozen 
soil  in  the  difterent  latitudes. 


Sl-c  also  tliis  Journal,  vol.  xxiv.,  p.  435,  .and  vol.  xxv.,  p.  417. — Edit. 
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The  “  Extracts  of  letters”  printed  in  the  following  pages 
contain  all  that  each  observer  reports  on  the  state  of  the  pits 
dug  in  1835  and  1836  ;  but  although  the  zeal  with  which  the 
trials  were  made  cannot  be  too  highly  commended,  yet  it  is 
to  be  regretted  that  the  reports  are  in  some  instances  too  con¬ 
cisely  drawn  up,  and  a  few  minute  but  important  particulars 
have  been  omitted  or  overlooked. 

Professor  Baer  remarks  that,  “  if  wc  examine  ground  whieli 
contains  only  very  little  moisture  in  a  frozen  state,  it  is  very  difficult  to 
detect  tlic  ice,  as  it  forms  an  extremely  tliin  partition  between  tlic  single 
particles  of  earth.  Should  the  moisture  be  more  considerable  before  the 
freezing  comes  on,  we  perceive  in  its  frozen  state  small  pieces  of  ice, 
wherever  the  sjniccs  between  the  particles  arc  large  enough  to  admit  of 
them.  These  pieces  of  ice,  which  look  like  small  crystals,  1  have  parti¬ 
cularly  noticed  between  the  upper  layer  of  soil  which  is  thawed,  and  the 
lower  layer  in  a  frozen  state.”  Attention  to  these  remarks  will  be 
very  useful  in  examining  a  pit  dug  in  sandy  soil.  A  thermo¬ 
meter  (as  in  the  case  of  the  observations  made  in  the  York 
Factory)  plunged  into  the  soil  at  the  bottom  of  the  pit,  will 
preclude  mistake,  and  should  it  stand  above  +  32’  F.,  will 
shew  that  the  earth  in  which  it  is  placed  is  not  frozen.  The 
effect  of  w  arming  at  the  fire  pieces  of  hard  earth  chipped  up 
by  the  pickaxe,  may  also  be  tried.  On  one  occasion,  w'hen 
exploring  the  banks  of  the  Mackenzie,  I  broke  off  a  piece  of 
a  solid  stratum  by  a  smart  blow  of  my  hammer,  and  on  exa¬ 
mining  its  grain,  concluded  that  it  was  a  very  hard  sandstone. 
Having  labelled  the  specimen  and  deposited  it  in  my  ])ocket, 
it  was  shortly  thawed  by  the  heat  of  my  body,  and  I  disco¬ 
vered  that  it  was  merely  sand  containing  much  frozen  water 
in  its  interstices.  The  thawing  of  this  stratum  causes  a  con¬ 
stant  crumbling  of  the  cliff  at  tlie  mouth  of  Bear  Lake  River. 

“  Tlie  farther  we  go  east”  (in  Europe  and  Siberia),  saj-s  Professor 
Baer,  “  the  more  southerly  do  we  find  the  limit  of  perpetual  ground  ice. 
It  has  not  been  observed  in  Lapland  out  of  the  mountainous  districts,  nor 
did  I  ever  hear  of  it  at  Archangel,  though  llerr  Sehrenk  assured  me  that, 
on  the  Petehora,  the  ground  at  a  certain  depth  is  never  free  from  ice. 
Humboldt  found  in  the  district  of  Boguslowsk,  in  I. at.  SOJ®  N.,  Long. 
GO’  E.,  at  the  foot  of  the  Ural  Mountains,  small  pieces  of  ice  at  the  depth 
of  six  feet  in  summer;  but  Boguslowsk  lies  very  high.  No  permanent 
ice  has  been  found  in  Tobolsk  in  .18’  N.  At  Berezov,  in  G4’  N.,  where 
Erman  found  the  temperature  of  the  ground,  at  the  depth  of  twenty-three 
feet,  to  exceed  (  +  1°  11.)  34.22’  F.,  a  dead  body  was  found  in  1321, 
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which  had  been  buried  ninety-two  years  in  a  bed  of  ground  ice,  shewing 
no  signs  of  decay ;  and  we  learn  from  Belawski,  that  the  lower  parts  of 
the  district  arc  never  without  ice.  So  that  Berezov  is  probably  very  near 
the  limit  of  perpetual  ground  ice  ;  for  it  is  clear  that  peculiarities  of  soil 
must  have  considerable  influence  in  countries  which  lie  near  this  limit. 
Farther  cast  tliis  frozen  soil  extends  nmch  more  to  the  southward.  Gcorgi, 
in  the  last  century,  related  that  ice  remained  in  the  ground  throughout 
the  whole  year,  upon  an  island  in  Lat.  52°  N.,  Long.  106’  E.,  in  the  en¬ 
virons  of  Lake  Baikal.”  “  In  the  district  of  Nertchinsk,  Lat.  62°,  the 
ground  thawed  in  summer  from  one  to  nine  feet,  according  to  its  expo¬ 
sure  to  the  sun’s  rays,  but  beneath  this  the  frost  extended  to  the  depth 
of  forty-two  feet  from  the  surface,  when  the  intervention  of  solid  rock 
prevented  farther  search.  On  one  occasion.  Captain  Frehse  having  dug 
down  six  feet  through  tlie  frozen  ground,  came  to  pure  ice  2.1  feet  thick, 
enclosing  boulders  of  different  rocks.  Still  farther  east  again,  the  perpe¬ 
tual  ground  ice  is  found  at  a  less  depth  southwards,  probably  because 
the  neighbourhood  of  the  sea  raises  the  temperature  of  the  soil.  Ennan, 
at  least,  found  no  ice  at  Okhotsk.”  Baer,  Geogr.  Journ.  vol.  viii.) 

Tlie  observations  on  the  temperature  of  the  atmosphere  in 
North  America  hitherto  recordcul,  and  the  course  of  the  line 
of  termination  of  tlie  forests  towards  its  arctic  extremity,  in¬ 
dicate  that  the  isothermal  lines  dip,  as  in  Siberia,  to  the  south¬ 
ward  in  their  course  from  Avest  to  east  tlirouoh  the  continent, 
and  the  rejiorts  of  the  frozen  soil  detailed  below  tend  to  the 
same  conclusion.  Indeed,  it  has  loni^  been  said  that  the  cli¬ 
mate  of  the  north-west  coast  of  America  is  milder  and  opener 
than  that  of  the  eastern  coast,  and  the  difference  of  mean  tem¬ 
perature  in  the  57th  parallel  is  stated  by  llaer  to  he  18°  F.* 
The  observations  of  frozen  soil  made  on  opposite  sides  of 
James’s  Ray  are  too  few  to  found  much  upon,  especially  as 
they  are  not  supported  by  reports  on  the  mean  temperature 
of  the  air,  hut  they  seem  to  denote  a  milder  climate  on  the 
east  sidi*  of  that  bay  than  on  the  west.  Were  this  proved  to 
he  actually  the  case,  it  mio]it  he  considered  merely  as  another 
example  of  the  fact,  that  the  western  coasts  of  continents 
have  milder  climates  than  the  eastern  ones,  but  it  might  also 
he  adduced  in  support  of  an  explanation  which  I  have  else- 
wheri't  endeavoured  to  give  of  the  cause  of  the  low  temi)era- 
ture  of  the  coast  of  Hudson’s  Ray,  namely,  the  detention  of 

*  \'i<lc  Kichardson,  Thcvin.  (Jbf.  (icoar.  Journ.  vol.  ix.  p.  Sro. 

t  Appendix  to  Franklin’s  Journey,  and  to  Back’s  Journey  in  1833 
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fields  of  ice  in  its  neighbourhood  for  nearly  the  whole  s\immer, 
resulting  from  the  form  of  the  land,  and  the  direction  of  the 
prevailing  winds  and  currents  of  the  sea. 

As  to  the  local  infiuence  of  soil  to  which  Professor  Baer 
directs  our  attention,  1  have  been  informed  by  a  gentleman 
who  has  had  forty  years’  experience  as  a  practical  farmer  in 
hingland,  that  when  he  used  nand  as  a  covering  for  potatoes, 
carrots,  or  other  vegetables,  in  the  winter,  the  frost  penetrated 
farther  than  when  loam  or  other  earth  was  used,  and  that  the 
looser  the  latter  was  thrown  over  the  vegetables,  the  better 
was  tbe  protection  it  afibrded.  lie  remarked,  also,  that  he 
al  ,vays  found  the  earth  frozen  to  a  greater  depth  after  severe 
frosts  under  a  beaten  footpath  in  a  field,  or  compact  gravel 
on  the  highway,  than  in  loose  soil. 

Fort-Simpson,  on  the  iMackenzie,  being  nearly  in  same 
latitude  witb  Yakutzk  (62^  11'  X.,  and  62'’  1^'  N.),  is  a  de¬ 
sirable  locality  for  ascertaining  the  thickness  of  the  perma¬ 
nently  frozen  stratum.  At  the  latter  place  a  well  has  been 
sunk  into  tbe  frozen  soil  to  the  depth  of  382  feet,  and  the 
temperature  of  the  earth,  which  was  + 18.5^  F.  at  some  feet 
below  the  surface,  gradually  rose  to  +310^  F.  at  the  bottom 
of  the  well,  where  the  soil  was  so  loose  as  to  recpiire  timber¬ 
ing,  wbicb  it  had  not  done  higher  uj).  This  gives  a  rise  of 
temperature  ecpial  to  one  degree  of  Fahrenheit’s  scale  for 
every  28i  feet  of  descent  at  a  jtlace  where  the  mean  heat  of 
the  year  is  about  + 14'’  F.*  In  Phillips’s  Guide  to  Geology, 
the  mean  increment  of  heat  is  stated  to  be  1'’  F.  to  every  forty- 
five  feet  of  descent  from  the  surface  of  the  earth,  which  is 
one-third  less  (piick  than  the  above.  At  Fort-Simpson  the 
mean  temperature  of  the  air  is  about  -f  25’  F.,  and  the  frozen 
soil  W'as  found  to  extend  at  least  seventeen  feet  from  the  sur¬ 
face.  A  thermometer  was  ke])t  at  the  bottom  of  the  pit  for 
some  time,  but  the  register  of  its  indications  has  not  reach¬ 
ed  me.  Mr  M'^Plierson  not  having  been  made  aware  of  the 

**  M.  Eriniin  (Goograpli.  Journ.  viii.  p.  213)  states  tlie  mean  lieat  at  Ya¬ 
kutsk,  as  deduced  from  observations  made  tlirice  a-day  in  tlie  year  1827,  to 
be  +  18.72’  F.  Tlie  mean  stated  in  tlie  text  is  also  from  M.  Ernian’s  obscu-- 
vations,  but  continued  for  several  years,  and  was  found  by  drawing  tlie  daily 
curve  for  the  year  indicated  by  tlie  means  at  the  specified  hours. — (  Geogr. 
Journ.  ix.  p.  38(t.) 
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importance  of  searching  for  spiculae  of  ice  in  the  looser  and 
dryer  subsoil,  or  of  ascertaining  and  registering  its  tem¬ 
perature,  the  depth  of  the  frost  cannot  be  said  to  be  yet  per¬ 
fectly  ascertained  at  that  place.  I  am  indebted  to  him  for  a 
register  of  the  temperature  of  the  atmosphere,  carefully  kept 
at  Fort- Simpson  for  three  years,  and  for  much  useful  verbal  in¬ 
formation  respecting  the  Mackenzie,  where  he  has  wintered  for 
nearly  eighteen  years.  He  is  now  in  this  country,  and  should 
he  return  to  his  old  quarters,  we  trust  that  he  will  speedily 
set  the  matter  at  rest  as  respects  that  locality. 

Pits  were  commenced  at  Fort-Chepewyan  and  Great  Slave 
Lake,  but  discontinued,  I  believe,  on  coining  to  the  rocky 
strata  which  lie  near  the  surface,  and  no  reports  were  made. 


Table  rontaininij  the  Geoijraphiral  Position  of  thr  PoKts  named  in 
the  subjoined  Report,  and  the  principal  facts  aseertaini  d. 


1 

District.  !  D.atc. 

Remabes.  1 

1  Woswoiiaby,  i 
Lilt. 

ILong.  K. 

Itupert’s  lliver  '  3^ 

ilistrict.  Into- 
rior,  elevated  1 

A  pit  du"  in  the  potato-jiarden  to  the  I 
depth  of  7  feet  without  tliscovering  | 
any  frozen  soil.  I 

. 

North  of  Jan.  18. 

Abitibbe  Lake,  j  1830, 

In  an  open  potato  field,  83  jiaces  from  8 
the  borders  of  the  lake,  snow  lying  1  1 
foot  deep,  soil  frozen  to  the  depth  of  I 
2  feet  3  inches  from  the  surface.  | 

1  . 

i 

1 

1 

In  a  thick  wood  3  furlongs  from  the  lake.l 
snow  2  feet  5  inches.  Soil  sandy.  J 
Soil  frozen  to  the  depth  of  1  foot  7  in.  • 

1  . 

1 

, 

I'otato  field  h:ilf  a  mile  in  the  woods,  i 
Snow  2  feet.  Loose  sandy  soil  frozen  1 
1  foot  ileep.  1 

1 

1  . 

I 

j 

. 

Ten  jiaces  from  the  lake.  Soil  coarse  | 
gravel,  frozen  to  the  depth  of  2  ft.  8  in.  | 

Micliiskaiu, 

Lat. 

Lon".  76"’  40' 

Kupert’s  Kiver 
district.  Inte¬ 
rior,  elevated  1 

Soil  never  permanently  frozen  ;  but  in  | 
the  potato  field  the  frost  penetnites  | 
3A  feet  in  the  winter,  and  in  the  woods  5 
only  0  inches.  Soil  sandy.  I 

'  Moose  Fiictory, 
jLiiU  51° 

1  Lon",  no”  55'  W. 

Mouth  of  Moose  ,  ... 

Kiver,  at  bottom 

ii  -r  •  1) 

ol  Jiliues’  lliiy. 

No  frozen  soil  in  a  pit  dug  12  feet  deep,  1 
when  the  influx  of  water  through  the  1 
gravel  put  an  end  to  the  operation.  1 

lllupert’s  House, 
Lat.  5r-J6'N. 
Lon".  7}!°  40' W. 

T.  ,  • ,  /.  Between 

East  su^  of  Oct.  10  & 
Jiimes’ Bay,on  j_ 

1  the  coast,  jg3.  • 

J - - 

Several  pits  dug  from  0  to  8  feet  deep  in  ‘ 
banks  of  sand,  shingle,  and  clay,  from  | 
50  to  00  feet  high.  Much  water  flowed  i 
in.  1 

. .  _  1 
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i'l.tccs.  District. 

Date.  1 

llb.M.\BKS. 

Rupert's  House,  East  side  of 
Eat.  James’ Ray,  on 

Imng.  711'’ 40' W.  ^  the  coast, 

April  28 
and  20. 
1836, 

A  ])it  dug  in  open  ground,  exposed  to  the 
NW.  winds  from  Rupert’s  Bay,  and 
50  feet  from  the  face  of  the  bank.  'Hie 
frozen  soil  extended  7  feet  from  the 
surface.  Under  a  snow-drift  8  feet 
thick  the  soil  was  frozen  only  13  inches 
deep. 

East  side  of 
Eastmain  i  James’  Ray, 
Lat.  52°19'N.  Rupert  River 
Long.  7S^  -10'  W  District,  on  the 
coast, 

Sept  1 . 
1835,  ' 

Situation  exposed.  Dug  7  feet  8  inches  in 
unfrozen  soil,  and  drove  a  stake  through 
the  soft  earth  5  feet  farther,  in  all  12  ft. 

8  inches.  Stopped  by  the  influx  of 
water.  (Compare  this  with  the  observa¬ 
tions  at  Albany,  in  same  latitude.) 

1 

Sept.  18.  , 
1835, 

Dug  8  feet  3  inches,  until  stopped  by 
water,  when  a  stake  was  driven  7  feet 
low’er.  In  all  15  feet  3  in.  of  soft  soil. 

Sept.  20. 
1835, 

Stake  driven  with  ease  into  a  swampy 
piece  of  ground  12  feet  deep. 

j  , 

Feb.  27. 
1830, 

Pit  dug  in  the  burying-ground,  inclosed 
by  stockades,  when  the  frost  was  found 
to  have  penetrated  8  or  10  inches  into 
the  soil.  The  snow-drift  lay  8  feet 
deep  over  the  spot. 

i 

i 

Albany,  1  West  side  of 

Lat.  52°  15'  N.  1  James’  Bay 
Long.  81°  53' W.  near  the  coast. 

Sept.  2. 
and  3. 
1835, 

Thawed  surface  soil  0  inches  ;  3  feet 

7  inches  frozen  earth  ;  beneath  which 
a  brown  cl.ay,  so  h.ard  that  it  required 
to  be  cut  with  an  ice-chisel,  cut  into 

11  inches;  in  all  5  feet.  Query,  Was 
nut  the  clatj  Mr  Curriaal  mnitions 
frozrni  It  would  have  been  desir¬ 
able  to  h.avc  platH'd  it  near  the  fire  to 
see  if  it  became  more  plastic. 

1  ■ 

r.  T  1  Interior,  on  a 

Green  Lake,  n  i  i  * 

Lat.  54°1V'N.  f 

Lon.  1 1 7°  30'  W.  y 

above  the  sea, 

1 

Oct.  15. 
1835, 

A  pit  dug  15  feet  deep,  40  yards  from 
the  lake ;  2  feet  of  gravel  on  the  sur¬ 
face  ;  rest  compact  clay,  so  hard  at 
bottom  that  it  was  im])racticable  to 
dig  it  deeper.  Qumw,  ICoj!  it  frazitil 
Wot'ld  it  Inivr  s  'flciit  il  hi/  lunl  f 

\  Interior,  on  the 
Isle  a  ’a  Crosse,  ^  sliore  of  a  lake. 
Lat.  55”  2 "'N.  Perhaps  300 
Lon.  107’'  53'  W.  yards  .above  tlie 

1  ’’C‘a, 

Oct.  15. 
1835, 

2  feet  gravel  and  sand  and  8  of  hard  clay, 
when  water  flowed  into  it.  Query, 
Did  the  water  come  in  at  the  bottom  ? 

1 

Severn  Outpost,  j  Severn  River, 
I.at.  50°00'X.  west  side  of 
\  I.ong.  80’  15' W.  Hudson’s  Bav, 

1 

1  Autumn, 

i 

,  A  frozen  stratum  reached  at  the  depth 
of  1 1  feet,  in  a  loose  sandy  soil,  when 
the  surface-water  filled  the  pit. 

A  pit  dupr  7  in  aiiotlicr  plai'e  was 
fillid  with  wattT  Ind’afo  tlie  frozen 
soil  was  rcat  hi'd. 
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ItEMABK.'i.  I 

i 

Severn  Outpost,  Severn  liiver,  *Vutumn, 
Lat.  oC’OO'N.  west  side  of  ' 

Long.  86’ 15' W.  i  Hudson’s  Bay,  i 

1 

I'Vozen  earth  at  the  depth  of  5^  feet  in  i 
compact  blue  mud.  'The  frozen  stra- 1 
turn  was  cut  into  7.'i  feet,  when  a  snow  | 
storm  put  an  end  to  tlie  operation,  j 
I’it  13  feet  deep.  1 

! 

I 

i  I 

The  river  bank  is  30  feet  high,  and  on  1 
'■utting  into  it,  to  make  a  quay,  the  1 
frost  was  fouml  extending  downwards  : 
till  it  reached  high-water  m.ak,  at  j 
whieli  point  the  earth  was  soft,  as  far  S 
as  the  experimenter  could  penetrate  | 
horizontally.  j 

1 

j  West  side  of  | 

York  Fiictory,  Hudson’s  Bay, 

Lat.  57°  00'  N.  5  miles  from 

Long.  92’ 26' W.  the  mouth  of  1835, 

1  Hayes’  Biver, 

! 

1  ' 

Surface  water  soliiL  New  frost  to  the  | 
depth  of  8  inches.  Soil,  blue  tenacious  | 
mud,  with  iHJulders.  Fit  30  yards  j 
from  the  river.  Thaw  3  feet  from  1 
surface.  'I’he  digging  into  the  perma-  1 
nently  frozen  stratum  continued  for  I 
fourteen  days,  when  the  tiiawed  c.arth  j 
was  again  reached  at  the  depth  of  20i  I 
feet  from  the  surface,  leaving  174  feet  | 
of  permanent  frost,  beneath  which  I 
the  temperature  of  thawed  mud  Avas  | 
found  by  repieated  trials  to  be  +  33’  F.  j 

1 

Influx  of  the 
south  branch  of  \ 

Fort  Simpson,  the  Mackenzie 

Lat.  02’11'N.  1  into  the  main  '  Oct.  19. 

Lon.  121’ 32  W.  ' stream,  about  '  1836, 

80  yards  above  : 

'  the  level  of  the 

Arctic  Sea,  ■ 

1  j 

_  )  ) 

Pit  80  yards  from  the  banks  of  the  river.  | 
Soil  heavy,  sand  and  clay  mixed,  j 
Thawisl  surface  .soil  lo  feet  7  inches.  I 
Frozen  substratum  6  feet  3  inches.  | 
8  feet  more  through  a  loose  sandy  soil, 
and  a  rod  thrust  4  feet  deeyier  into  the 
bottom.  In  all  29  feet.  A  theroio- 
meter  kept  at  the  boiiom  of  the  pit 
shewed  a  liiglier  temperature  than  one 
exposed  to  the  air.  The  mean  tem¬ 
perature  of  OctobiT  licre  is  about  +  23°  a 
F.  Jlcan  annual  heat  +  25°  F.*  | 

*  These  facts  ascertained  partly  hy  verbal  coininunications  with  the  experiiuenter,  Mr  Murdoch  ] 
McPherson.  I 


Our  previous  knowlod^o  of  the  doptli  to  whicli  the  summer  thaw  penetrates,  or  the 
extiiit  of  the  frozen  substratum  in  North  America,  was  very  lii'dted. 

At  Fort  Franklin  on  Great  Bear  Lake,  the  summer  thaw,  on  the  oth  of  October 
1825,  had  penetrated  21  inches  into  the  sandy  platform  on  which  tlio  liouse  was  bii’lt. 
The  frozen  substratum  was  dujj  into  abont  0  feet,  but  its  total  depth  was  not  ascertained. 
Fort  Franklin  is  su])posed  to  stand  about  230  feet  above  the  sea-level.  The  mean  heat 
of  the  year  182.'>-(J  was  +  17.61"  F.,  and  of  the  first  ten  days  of  October  +  19.4“  F.  On 
the  'Jth  of  the  same  month  tliesnnill  lakes  were  frozen  over,  and  on  the  llth,  the  snow 
lying  on  the  trround  ]>ut  an  end  to  the  further  action  of  the  sun  on  the  soil  for  tli.it  season. 

July  5.  1626. — On  tlie  east  bank  of  the  Mackenzie,  in  Lat.  63'’  37'  N.,  a  hole  was 
iug  in  the  sandy  soil,  at  the  foot  of  the  Kein-deer  Hills,  to  the  depth  of  3  feet,  witliout 
reaching  the  frozen  soil. 

July  17.  1821!. — On  an  island  of  the  Arctic  Sea,  Lat.  70’  10'  N. ;  Long.  129’  lu'^^'., 
,  composed  of  sand  and  slaty  clav,  the  thaw  hail  penetrated  scarcely  a  foot. 

’  July  28.  1837. — In  Lat.  70^  50'  N.,  on  the  coast  to  the  westward  of  the  Mackenzie, 
'  Mr  Dense  found  the  soil  thawinl  only  to  the  depth  of  4  inches. 

Royal  Naval  Hospital  at  Haslar, 

20t4  November  1840. 
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No.  1. — Extract  of  a  Letter  from  George  Keith,  Esq.  chief  factor,  dated 
Moose  Factory,  August  8.  1836. 

“  Early  in  the  morning  of  September  13.  183.5,  two  labourers  com¬ 
menced  digging'  a  jiit  on  the  island  of  Moose-factory,  in  an  open,  dry  si¬ 
tuation,  170  paces  from  the  bank  of  the  river.  The  pit  was  seven  feet 
long  by  six  wide,  and  the  operators  penetrated  to  the  depth  of  ten  feet 
perpendicular  without  discovering  anything  remarkable,  the  soil  being  a 
fine,  light,  sandy-coloured  marl  throughout.  At  this  stage,  however,  wa¬ 
ter  began  to  make  its  appearance  at  the  bottom  of  the  pit,  and,  on  digging 
two  feet  lower,  it  increased  so  much  .as  to  put  a  stop  to  further  exc.av.a- 
tion.  During  the  progress  of  digging  the  last  two  feet,  the  soil  became 
rapidly  mixed  with  sand  and  gravel,  and,  latterly,  almost  pure  gravel 
without  a  sign  of  frost  anywhere.  In  fact,  it  has  been  clearly  ascertained 
that  the  winter  frosts,  in  dry  and  exposed  situations,  do  not  penetrate 
beyond  five  and  a  half  feet ;  and  about  the  skirts  of  the  forest,  which  is 
a  wet  and  marshy  soil,  the  depth  of  the  frost  does  not  exceed  three  feet. 
Last  winter,  which  was  esteemed  severe,  the  thermometer  in  the  shade 
fell  only  once  to  .3.5°  below  zero,  namely,  on  the  .30th  November,  the 
coldest  weather  we  experienced,  which  was  rather  singular,  as  the  colds 
of.Tanuary,  February,  or  March,  are  generally  felt  to  be  the  most  intense.”* 

No.  2. — E.rtract  of  a  Letter  from  ehief  trader  Itohert  Miles,  Esq.,  dated 
Jtuperts’  House,  East  Maine,  June  2.5.  ]83(!. 

“  From  the  10th  of  October  to  the  7th  of  November  last,  several  pits 
were  dug  from  six  to  eight  feet  deep,  in  all  of  which  much  water  was 
found.  Indeed,  in  every  part  of  the  vicinity  of  this  establishment,  which 
is  situated  on  banks  from  fifty  to  sixty  feet  high,  the  earth,  being  of  a 
sandy  nature,  over  beds  of  gravel,  shingle,  and  clay,  is  full  of  w.ater 
springs. 

“  On  the  28th  and  29th  of  April  last,  I  caused  a  ])it  to  be  dug  in  a  clear 
piece  of  ground  in  the  most  exposed  situation  here,  being  open  to  the 
north-west  winds  from  Rupert’s  Bay,  and  in  this  we  did  not  get  through 
the  frost  until  we  penetrated  exactly  seven  feet.  This  pit  was  distant 
fifty  feet  from  the  face  of  the  bank. 

“  One  hundred  and  forty-five  yards  from  the  above-mentioned  pit,  I 
caused  a  snow-drift  within  the  stock.ades  of  the  establishment,  eight  feet 
deep,  to  be  cut  through,  and  the  earth  benciith  was  found  to  be  frozen  to 
the  depth  of  thirteen  inches  only.” 

No.  .3. — Extract  of  a  Letter  from  Mr  Thomas  Corcoran,  clerh\  dated  East 
Maine-post,  Rupert’s  Rieer  District,  Si’ptemher  30.  ltJ.3.5. 

“  On  the  19th  September  1835,  a  pit  was  dug  in  the  plantation  in  a 
spot  not  sheltered  with  wood,  willows,  or  anything  else,  and  where 
the  snow  does  not  lodge  at  any  time  to  a  greater  depth  than  eight  or  ten 

#  “  llallpy's  comet  seen  from  tlie  12tli  to  the  18th  of  October  ISlo.  after  which 
it  was  l.ist  sij^lit  of  (luriii;;  a  succession  of  snow  y  weatlier.”— O.  K. 
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inches,  and  consequently  as  much  exposed  to  the  influence  of  frost  as  a 
place  can  be. 

Feet.  Inches, 

Dug  with  the  spade  to  the  depth  of  ....  7  8 

Pierced  with  a  wooden  stake  from  the  point  where  the  use 
of  the  spade  was  left  off,  owing  to  water,  to  the  depth  of  5  0 

No  frost  or  ice  discovered  to  this  depth,  .  .  12  8 

Quality  of  the  Soil. 

Feet,  Incho-, 

0  3  Loose  mould. 

0  6  Mixture  of  whitish  loam  and  sand. 

1  3  Pure  sand. 

2  0  Loam  and  sand. 

2  0  Loam  of  a  lead  colour. 

0  8  Lighter  coloured  loam. 

1  1  Lead-coloured  loam. 

7  8 

From  tlie  appearance  of  the  earth  adhering  to  the  stake,  the  next  five 
feet  was  jiulged  to  he  lead-coh»ured  loam. 

“  On  the  28th  September  1835,  a  pit  was  dug  about  a  mile  to  the  east¬ 
ward  of  tlie  house,  in  a  green  bluff  of  pines,  and  consequently  sheltered 
from  drift. 

Feet,  Inches, 

Dug  w'ith  the  spade  to  the  depth  of  ...  .  83 

Pierced  with  a  wooden  stake  after  the  water  flowed  in,  .  7  0 

No  frost  or  ice  discovered  to  this  depth,  ...  15  .3 

Quality  of  the  Soil. 

F.'  -.  ’  -. 

0  4  Tiight  mould. 

1  1  Sand. 

1  10  Sand  and  lime. 

1  2  Whitish-coloured  loam. 

3  10  Lead-coloured  ditto. 

8  3 

The  quality  of  the  remaining  depth  supposed  to  be  loam. 

“  On  2i.*th  September  1835,  a  stake  of  twelve  feet  in  length  was  driven 
with  ease  into  a  simill  swamp  that  is  tolerablj-  well  sheltered,  being  sur¬ 
rounded  with  pine  trees  tind  within  a  mile  of  the  house.  No  ice  was  dis¬ 
covered  at  thiit  depth.  In  this  situation  the  spade  could  not  be  used 
owing  to  water. 

“  On  tlie  27th  February  hist,  a  grave  was  dug  here  in  the  bur^'iiig 
ground,  which  is  enclosed  by  stockades  si.x  feet  seven  inches  high,  for  in¬ 
terring  the  remains  of  a  poor  old  woman  who  unfortunately  was  frozen 
to  death  on  the  25th  of  the  same  month.  In  digging  this  grave  it  was  dis¬ 
covered  that  the  frost  had  not  penetrtited  into  the  soil  tibove  eight  or  ten 
inches,  but  then  the  drifted  snow  lay  as  high  at  least  as  the  stocktidrs 
that  surrounded  it.” 

“  From  the  foreo-oing  observations,  it  m.ay  be  inferred  that  the  soil  in 
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this  neighbourhood,  to  the  distance  of  a  mile  in  any  direction  from  the 
house,  is  not  permanently  frozen.” 

No.  4. — Extract  of  a  letter  from  Mr  Janm  Kellock  sen.,  ilated 
Michiskam  Post,  Jarniarj/  IflJlG. 

“  1  beg  leave  to  inform  you  that  the  earth  is  never  permanently 
frozen  in  this  section  of  the  Honourable  Company’s  territories,  but  I 
found  that  the  frost  had  penetrated  to  the  depth  of  three  and  a  half  feet 
in  the  potato-fields  eluring  the  course  of  last  u inter,  whereas,  in  the 
woods,  six  inches  was  as  far  as  it  had  gone  down.  The  soil  in  both  places 
is  sandy,  with  a  few  small  stones.” 

No.  5. — Extracts  of  a  letter  from  Mr  John  Spencer,  postmaster,  dated 
jrosu-nnahi/,  li  a  pert’s  River  District,  2(Mli  Jariuari/  1830*. 

“  1  have  caused  four  difierent  places  to  be  dug,  In  an  open  potato- 
field  about  sixty-three  paces  from  the  border  of  the  lake,  the  depth  of  snow 
measured  one  foot ;  the  soil  is  light  at  the  top,  and  rather  inclining  to 
small  gravel  for  nearly  a  foot,  after  which  it  is  of  a  somewhat  clayey  na¬ 
ture.  The  wood  surrounding  it  is  principalU'  dwarfish  pine,  with  a  few 
silver  pines  and  birches  interspersed,  and  the  depth  of  frozen  ground  was 
two  feet  three  inches. 

“  2d,  In  a  thick  wood,  about  three  furlongs  from  the  lake,  where  the 
snow  lay  about  two  feet  five  inelies  deep,  jind  the  soil  is  of  a  more  sandy 
nature  throughout,  excelU  a  small  surfaee-layer  of  vegetable  matter,  the 
ground  was  frozen  to  the  extent  of  one  foot  seven  inches. 

“  3d,  In  a  potato- field,  about  h.'ilf  a  mile  in  tlu'  woods,  the  depth  of 
snow  was  one  foot,  and  the  loose  and  sandy  soil  was  frozen  to  the  depth 
of  one  foot. 

“  4th,  On  the  borders  of  the  lake,  .about  ten  paces  from  the  water’s 
edge,  the  snow'  was  but  trifling,  and  there  were  hare  patches  here  and 
there.  I  chose  one  of  them,  and  found  the  ground  frozen  to  the  depth  of 
two  feet  eight  inches  before  wc  penetrated  to  the  unfrozen  soil.  The 
pl.acc  was  very  stony  and  troublesome  to  dig,  and  the  poor  pick-axe  had 
much  employment  before  we  discharged  it ;  but,  after  we  got  down  a 
little,  clay  resembling  blue  marl  began  to  make  its  appcar.ancc.  It  hap¬ 
pened  to  be  a  bitter  cold  day  when  the  men  and  myself  executed  the 
above  on  the  27th  instant,  but,  for  want  of  a  therniomcter,  I  wjis  unable 
to  ascertain  the  exact  temperature,  but  judge  that  it  might  be  25®  below 
zero. 

"  On  the  3d  of  November  last,  I  dug  a  pit  in  the  potato-garden  to  the 
depth  of  seven  feet,  and  not  finding  any  symptoms  of  frost,  considered 
that  further  pursuit  was  unnecessary.  The  weather  at  that  time  was  un¬ 
commonly  beautiful,  and  unlike  the  rugged  weather  which  we  generally 
experience  at  this  season. 

“  It  may  not  be  unwortln’  of  remark,  that  there  is  a  strip  of  open  wa¬ 
ter  to  be  seen  on  the  lake  all  the  winter  rotind,  even  in  the  severest 
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vreatlier,  for  the  distance  of  about  three  miles  in  the  circuitous  course  it 
takes  to  Net  Point.  This  is  supposed  to  be  the  leading  channel  to  the 
main  river,  but  no  current  is  pereeptiblc  ;  the  open  water  must  therefore 
be  caused  by  the  nature  of  that  part  of  the  bed  of  the  lake,  for  the  cold 
at  times  is  sufficiently  severe  to  freeze  every  thing  but  an  actual  cascade." 

No.  6. — Extract  of  a  Letter  from  chief  tra'ter  Jacob  Corrujal,  Esq.,  dated 
Albaiiti,  Rd  September  18."0. 

“  I  beg  to  inform  you,  that,  in  order  to  ascertain  the  temperature  of 
the  earth  at  this  place,  we  dug  a  pit  in  the  course  of  yesterday  and  this 
morning,  and  found  the  soil  thawed  at  the  depth  of  five  feet,  and  frozen 
earth  three  feet  seven  inches.  The  soil  at  the  surface  six  inches  deep  of 
black  earth,  from  that  and  nearly  to  where  the  frozen  earth  terminates, 
there  was  a  brownish-coloured  clay,  so  hard  that  it  was  not  perceived 
to  be  thawed  earth,  till  after  it  was  cut  about  two  inches  deep  with  a  nice 
chisel.  A  few  small  pieces  of  shells  were  found  amongst  the  blue  clay.” 

No.  7. — Extract  of  u  Letter  from  Air  Chief  Factor  R.  ALKeuzie  sen., 
dated  Isle  a  la  Crosse,  1st  Jane  I85G. 

“  Two  pits  were  dug  15th  October  last.  One  at  Isle  a  la  Crosse, 
thirty  yards  from  the  lake,  to  the  depth  of  ten  feet,  when  water  began  to 
come  up,  two  feet  of  gravel  and  sand  on  the  top,  and  eight  of  hard  clay 
ground.  And  one  at  Green  Lake,  to  the  depth  of  fifteen  feet  fortj'  yards 
from  the  lake,  two  feet  of  pure  sand,  and  thirteen  of  clay  ground,  but  so 
hard  at  the  bottom  that  it  was  impracticable  to  dig  it  deeper,  and  no 
frozen  earth  to  be  found.  I  have  heard  it  frequently  said  by  old  servants 
who  have  resided  here  for  upwards  of  thirty  years,  and  who  have  had  oc¬ 
casion  to  dig  pits  and  graves  at  all  seasons  of  the  year,  that  they  never 
knew  the  frost  to  penetrate  into  tlie  earth  more  than  from  two  to  three 
feet  deep.” 

No.  8. — Extract  of  a  Letter  from  Air  Chief  Trader  James  Hargrave, 
dated  York  Factory,  2oth  August  1836. 

“  At  this  place  the  digging  of  a  pit  to  ascertain  the  principal  facts, 
commenced  in  the  beginning  of  October  last.  The  surface  water  being 
then  completely  solid,  and  any  addition  to  the  depth  of  last  summer’s  thaw 
being  despaired  of,  as  the  new  frost  had  already  penetrated  eight  inches 
into  the  ground.  The  spot  selected  was  the  driest  in  the  vicinity  of  this 
factorj’,  perfectly  exposed  to  :dl  changes  of  atmosphere  throughout  the 
season,  and  upwards  of  thirty  yards  from  the  bank  of  the  river.  The  soil 
is  a  deep  blue  tenacious  mud.  The  })eriodical  thaw  was  soon  dug 
through,  and  when  accurately  measured,  was  found  to  be  exactly  three 
feet  from  the  surface-level  to  the  beginning  of  the  permanent  frost.  From 
this  point  the  operation  continued  for  about  fourteen  days,  at  the  end  of 
which  time  the  thawed  earth  was  again  reached,  the  distance  from  the 
surface  of  the  ground  being  twenty  and  a  half  feet,  thus  leaving  a  stra- 
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turn  of  seventeen  and  a  half  feet  of  perpetual  frost.  It  may,  however,  he 
material  to  remark,  that,  on  elose  examination,  the  total  depth  of  the  pit 
was  found  to  approximate  verj'  nearly  to  the  height  of  its  mouth  above 
high-water  mark  in  its  vicinity,  which  may  lead  to  a  suspicion  that  the 
la3’er  of  permanent  frost  might  have  been  thicker  had  the  river  bank  been 
higher  at  the  place  where  the  pit  was  dug.  The  “  blue  mud”  above  no¬ 
ticed  was  found  to  extend  to  the  lowest  point  reached,  varied  at  points 
from  three  to  five  feet  asunder  bj'  laj-ers  of  small  gravel  mixed  with  solid 
ice.  Each  layer  .about  from  three  to  five  inches  thick.  Shells,  such  as 
are  still  found  about  the  shores  of  the  stream,  were  discovered  imbedded 
in  the  mud  .about  twelve  tlet  from  the  surface  in  a  state  of  perfect  pre¬ 
servation  ;  pieces  of  drift-wood  (willow)  were  dug  out  about  nine  feet 
deep,  some  of  them  quite  fresh.  The  temperature  of  the  thawed  mud 
immediatelj-  below  the  permanent  frost  was  ascertained  Iw  repeated 
trials  to  be  +  3.3°  on  Fahrenheit’s  scale. 

“  A  similar  attempt  was  made  hast  autumn  to  ascertain  the  like  facts  at 
Severn  outpost ;  but,  from  various  adverse  circumstances,  the  result  was 
not  so  satisfactory.  The  first  pit  was  dug  through  a  loose  sandv  soil, 
eleven  feet  deep,  at  which  point  the  ])ermanent  frost  was  reached.  The 
surface-water,  however,  filled  the  )»it,  and  the  part\-  being  unprovided 
with  adequate  means  to  keep  it  drv,  another  attemj>t  was  made  elsewhere. 

In  this  second  pit,  the  labours  were  again  interrupted  b\-  water,  after 
having  dug  through  seven  feet  of  thawed  ground  without  reaching  the 
frost.  A  thinl  attempt  was  made  in  a  close  compact  soil  of  blue  mud, 
about  twenty  .yards  from  the  bank  of  Severn  river,  in  which  they  re.aclied 
the  permanent  frost  at  the  dejith  of  5-j  feet  from  the  surface.  The  labour¬ 
ers  continued  cutting  the  solid  frost  to  an  additional  depth  of  7 1  feet  when 
the  surface-water,  together  with  a  snow-storm,  put  a  stop  to  further  pro¬ 
ceedings  that  season. 

“The  postmaster,  who  superintended  the  undertaking  at  Severn,  men¬ 
tions  that,  having  occasion  to  cut  into  the  river-bank  (which  at  that  phace 
was  .above  thirty  feet  in  perpendicidar  height),  for  the  purpose  of  in.aking 
a  .summer  qnav',  he  found  the  frost  extending  downwards  till  it  reaehed 
the  mark  of  high  water,  below  which  the  e.arth  appeared  quite  soft  and 
thawed,  as  far,  in  a  horizontal  direction  below  the  frost,  as  he  could  pe¬ 
netrate.  This  circumstance  a])pears  to  coincide  with  what  was  observed 
at  York  Factory,  and  to  lead  to  the  conclusion  that  permanent  frost  de¬ 
scends  to  the  point  where  it  first  meets  with  the  level  of  water.” 

No.  1). — E.rtrnct  from  a  Letter  from  Mr  Chief-Trailer  i^^iirih.eh 
Mi'Pherson,  dated  Portaije  la  I.oehe,  4th  Aiijinet  ll!.3(!. 

“  A  copv'  of  .a  letter  from  Dr  Richardson  toflovcrnor  Pell.y,  dated  Mel¬ 
ville  llospit.al,  25th  February  1835,  was  transmitted  to  me,  together  with 
instructions  from  Governor  Simpson  to  furnish  the  information  required ; 
but  1  am  sorry  to  inform  you  that  those  instructions  did  not  reach  me  till 
late  in  December,  when  the  ground  w.as  so  deeply’ frozen  that  experiments 
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of  this  kind  became  altogether  impracticable  for  the  season  ;  and  the  pe¬ 
riod  at  which  I  travelled  on  the  Mackenzie  River  this  spring  was  too  early 
for  the  occurrence  of  recent  land-slips  or  rents  in  the  earth,  by  which 
the  question  might  have  been  resolved.  I  shall,  however,  avail  mj'self 
of  the  close  of  the  summer  to  obtain  the  required  information." 

No.  10. — Extract  of  a  Letter  from  Mr  Chief-Trader  Murdoch  M'^Pherson, 
dated  Fort  Simpson,  Mackenzie  River,  18!i7. 

“  I  beg  leave  to  send  you  the  following  report  of  a  pit  dug  at  this  place 
on  the  19th  of  last  October  (1830).  The  pit  was  made  at  the  distance  of 
eighty  yards  from  the  banks  of  the  river,  in  a  heavy  soil  of  sand  mixed 
with  clay,  and  in  a  situation  free  to  the  action  of  the  sun  during  the  sum¬ 
mer.  The  result  was  10  feet  7  inches  deep  of  thawed  soil,  from  the  sur¬ 
face  of  the  ground  to  that  which  is  permanently  frozen,  and  6  feet  3 
inches  deep  of  frozen  soil  (permanently  frozen,  as  1  believe)  between  that 
which  thaws  during  the  summer  and  that  which  never  freezes.” 

Oh  the  Cultivation  of  the  Cerealea  in  the  Hi^h  Latitude.^  of  North 
America.  Comprised  in  the  extract  of  a  Letter  from  Peter 
\C.viiuEN  Uease,  Hsq.,  Chief  Paetor  of  the  llutlson's  Pay 
('oinj)any  to  Dr  Richardson'.  Coniniunieated  by  the  latter. 

I'liE  following  extract  of  a  hdter  from  Mr  Dease  (to  whose 
intrepidity,  shill,  and  intelligence,  conjoined  with  the  able 
assistance  of  his  lamented  colleague  Mr  Thomas  Simpson,  we 
owe  the  conqiletion  of  the  survey  of  the  nortlnun  coast  of 
America  from  Rack’s  River  to  Behring’s  Straits)  furnishes  a 
fm'ther  illustration  of  the  nature  of  the  North  American 
climate,  and  is  therefore  closely  connected  with  the  preceding 
and  following  articles. 

"  In  regard  to  the  cultivation  of  grain  on  Alackenzie’s  River,  I  can  onl\' 
say,  that  although  we  had  wheat  in  perfection  in  1828  from  Fort  aux 
Liards  (Lat.  (>9°  ii'  N. ;  Long.  122°  31'  IV.),  that  was  the  only  season  out 
of  several  in  which  the  grain  riiKUicd  ;  and  the  culture  of  wheat  is  re- 
])orted  to  be  eqtiallv  precarious  at  Dunvegan,  Peace  River  (Lat.  .^>8°  (i'  N. ; 
Long.  11 7°  4o'  W.).  Most  places  lying  near  the  Rocky  Mountains  arc 
liable  to  summer  frosts,  and  I  observed  the  same  thinir  during  my  resi¬ 
dence  at  Fort  St  .Tames  (Lat.  .54°  30'  N. ;  I.ong.  124°  W'’.)  on  Stuart’s 
Lake  in  New  Caledonia  ;  though  1  understand  thiit  iit  P’ort  George  (Lat. 
54°  35'  N. ;  Long.  125°  W.)  on  Frazer’s  Lake,  and  at  Alexandria  (Lat. 
52''  58'  N. ;  Long.  12.3°  \V.)  on  Frazer’s  River,  good  crops  of  wheat  are 
raised.  The  whole  .average  almut  four  months  in  coming  to  maturity. 
Riirtei/  has  l>een  cultivated  to  advantage  at  Fort  aux  Li.ards,  Fort  Simp¬ 
son  (Lat.  82°  11'  N.  :  Long.  121°  32'  W.),  and  Fort  Norman  (Lat.  64° 
41'  N. ;  Long.  124°  45'  IV.),  and  generally  takes  three  months  to  ripen. 
Out.s  have  come  to  perfection  at  Fort  aux  Liards,  and  at  Fort  Simpson, 
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but  have  not  been  sown  at  Fort  Norman  yet,  though  no  doubt  they 
might  thrive  as  well  there  as  at  the  two  former  places,  and  ripen  about  a 
fortnight  sooner.  1  know  of  no  vegetable  but  tlie  turnip  which  has  been 
successfully  tried  at  Fort  Good  Hope  (Lat.  67°  28'  N. ;  Long.  130°  52'  W.), 
but  that  root  was  far  bi  tter  on  the  island  of  the  old  fort  below  the  ram¬ 
parts  (Lat.  66°  18'  N. ;  Loiiff.  128°  32'  W.)  than  on  the  more  elevated 
mainbank  opposite,  where  the  soil  is  also  more  dry.  Fort  Norman  had 
a  tolerably  good  crop  of  potatoes,  barley,  cabbages,  &c.” 

25tA  Nov.  1840. 

Register  of  the  Temperature  ef  the  Atmo  sphere,  kept  at  Fort 
Simpson,  North  America,  in  the  gears  1837,  1838,  1839,  and 
1810.  By  Murdoch  McPherson,  Esip,  Chief  Trader  of 
the  Hudson’ .s  Bay  Company;  abstracted  by  John  Richard¬ 
son,  M.  D.,  F.R  S.,  Inspector  of  \aval  Hospitals,  Haslar. 

Fort  Simpson,  a  post  belongin'*'  to  tlie  Hudson’s  Bay  Com¬ 
pany,  is  situated  on  the  Mackenzie,  at  the  confluence  of  its 
south  branch,  named  the  River  of  the  Mountains,  and  870 
miles  from  the  Arctic  Sea,  in  I.at.  02°  11'  X.  ;  Long.  121° 
32'  W .  The  fox’t  stands  on  the  west  bank  of  the  river,  about 
40  feet  above  its  channel,  and,  if  we  allow  3  inches  a  mile 
for  the  fall  of  the  river  from  thence  to  its  mouth,  the  jiosi- 
tion  of  the  thermometer  may  be  estimated  to  be  about  250 
feet  above  the  level  of  the  sea.  The  temperature  was  rc- 
gisiered  in  the  morning  and  evening  at  8  o’clock,  and  for  two 
years  at  2  p.  m.  Mr  McPherson  informs  me,  that  the  times  of 
observation  were  not  always  exactly  adhered  to,  though,  in 
general,  they  were  very  nearly  .so.  AVith  tlie  exception  of 
the  time  of  Mr  ^BPherson’s  annual  absence  from  the  Fort  in 
September,  the  register  is  complete  for  the  autumn,  winter, 
and  spring  months  of  three  years,  but  the  temperatures  of  the 
summer  months  were  obtained  in  the  year  1838  alone.  In  a 
paper  which  I  published  in  the  -Tournal  of  the  Geographical 
Society  (ix.)  on  Sir  Edward  Parry’s  Thermometrical  Observa¬ 
tions  in  the  Arctic  Regions,  it  is  shewn  that  the  mean  of  the 
temperatures  at  the  hours  8  a.  m.  and  8  i*.  m.  combined,  does 
not  differ  more  than  three-tenths  of  a  degree  from  the  annual 
mean  of  th**  whole  twenty-four  hours  at  any  cd'  the  jdaces  of 
observaiion,  and  is  always  in  defect.  I  have,  therefore,  as¬ 
sumed  the  means  of  Mr  McPherson’s  observations  at  these 
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two  hours  as  driving:  very  nearly  the  true  annual  mean.  Having 
found,  also,  by  consulting  a  considerable  number  of  North 
American  registers  of  temperature,  that  the  hourly  curve  for 
September  falls  always  between  that  of  May  and  August,  and 
generally  somewdiat  nearer  to  the  former  than  to  the  latter, 
I  have  supplied  the  defect  of  observations  for  that  month  by 
assuming  +  48®  F.  as  its  mean  heat. 

The  thermometer  employed  was  a  spirit  one  made  by  Carey, 
which,  when  compared  with  several  constructed  by  Newman, 
was  found  to  keep  nearest  the  mean  of  the  whole.  No  cor¬ 
rection  lias  been  made  for  the  diminishing  contraction  of  the 
spirit  at  low  temperatui’es. 

Abstract  of  th<-  Thcnnomctrical  liojister  kept  at  Fort  Simpson  for 
one  year  1837-38.  (The  temperature  for  September  interpolateel.J 
('Spirit  Thermometer  by  Carey.  Fahr.  Scale.) 


I  Mean  licat  in  tlie  Shade  (F;dir.) 

1  At  8  A.  M.  At  2  p  K.  At  8  p.  M.  1  El  *•  *'• 

S  September, 

.  !  +  46.000 

-  60.000 

+  50.000 

+  48.000 

1  October,  . 

!  November, 

+  20.294 

1  +  28.470 

+  25.882 

+  23.088 

+  6.700 

-f  11.300 

+  12.133 

+  9.417 

I  Uecember, 

—  10.387 

'  —  9.613 

—  9.935 

—  10.161 

1  1838. 

1  January, 

—  21.258 

—  18.419 

-  18.419 

—  19.839 

f  Februarv. 

.  i  —  9.321 

—  5.000 

—  5.214 

—  7.268 

— 

8.064 

-r 

2.484 

+  1.452 

+ 

17.933 

+ 

.32.000 

+  29.367 

-r- 

44.903 

+ 

54.806 

+  49.516 

+ 

62.067 

-i- 

73.400 

+  64.933 

August, 

:  48.501 

Whole  Year, 

+  21.228 

Autumn. 

Septeinhi  r — Fovt'iitber, 
A\'intur. 

D'Cemtur — Pehruitnj, 
Spring. 

2Inrcli — M<oi, 
Siinmicr. 

Jiot' — Aihiast,  . 


+  5/./42 
+  27.0C4  .f  2 

+  24.287  +  33.204  i  +  20  303  -  26.795  I 

—  13.800  —  11.211  —  11.389  —  12.594  | 

+  18.261  '  -  29.763  i  +  26.750  +  22.502  I 

+  55.436  +  69.924  1  +  62.783  ,  +  59.109  I 


Jy  .-uldiii;;  <•;  (jimrtcr  of  a  degree  to  tlie  moan  heat  at  8  a.  m.  :ind  8  p.  m.  1 
combined,  the  mean  heat  of  the  year  1837-38  is  estimated  to  be  | 
nearly  +  24  F  F.  1 
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Abstract  of  the  Thcrmomctrical  Register  kept  at  Fort  Sloipson  hi 
the  years  1837-38  and  1838-39.  (Means  of  two  sueeesshw  years.J 
(Temp:  ratiire  for  September  interpolated  in  caleulathai  the 
Ml  •an  Temperature  of  Autumn. J 


Months  and  Seasons. 

Miiin  Heat  in  the  Shade. 

At  8  A.  M. 

At  'J  r.  M.  1  .\t  8  p.  .M. 

At  8  A.  M. 
it  8  p. 

1837-:58, 

i 

October,  . 

+  20.977 

+  30.080  !  +  26.479 

^  23.728 

November, 

+  8.034 

+  12.517  1  +  12.034 

+  10  034 

Decemlter, 

i  —  8.516 

—  7.984  '  —  8.339 

—  8.428 

1838-39. 

1 

Janu.arv, 

—  20.8.55 

—  17..', 48  '  —18.129 

—  19.493 

February, 

—  6.8.57 

—  1.679  —  2.089 

-  4.473 

March, 

—  4.403 

f  12.677  +  7.06.5 

+  1.331 

April, 

+  23..583 

+  47.216  34.900 

+  29.242 

May, 

;  41.993 

+  56.985  -r  50.612 

+  46.303 

Autumn. 

t' — \fWt  inb(  Tf 

+  24.959 

+  34.1.53  +  29.471  * 

+  27.215 

Winter. 

! 

Jjccemtn'r — Jb'ebrnani, 

—  12.2.50 

—  9.317  :  —  9.747 

—  11.000 

Spring. 

1 

Murcli—Maij,  .  . 

1  +  20.3.56 

r  3!!.892  ,  +  30.815 

+  25  586 

The  mean  heat  of  these  two  vears.  including  the  single  summer  of  18.38, 

obtained  by  milking 

a  small  addition  to  the  mean  of  8  a. 

M.  .and  8 

r.  M.  combined,  is  a 

little  above  +  254°  F. 

Abstraets  of  the  Thermometrieal  Rei/istir  ke/it  at  Fort  Simpson  in 
1837-8,  1838-9,  and  1839-40.  (Means  of  three  sitrfrssi 7 V  ifravit.J 
(September  interpolated  in  ealeulatiny  the  Mean  ylutumn  Heat.) 


Mp 

in  Heat  in  the  Sliadt 

8  A.  M. 

8  P.  .M. 

S  A.  .M. — 8  P.  M. 

1837-38-39. 

October, 

+  2(».726 

+  2.5.674 

+  23.200 

November, 

-f  5.Shi(j 

4-  9.166 

+  7.517 

December, 

—  9.409 

—  9.032 

—  9.221 

1838-39  40. 

.Tanuiirv, 

—  14.409 

—  12..505 

—  13.4.57 

Fiibruarv, 

—  12.306 

—  8*o53  1 

—  10.429 

March,  . 

+  0.201 

4-  8.742  1 

4-  4.473 

Ajiril, 

^  22.(»5.5 

+  29.833 

4-  25.944 

Miiy, 

f  44.605 

4  51.168 

4-  47.886 

Autumn. 

III  III  r —  yiivi  ‘inhcr, 

4  24.160 

j  4-  28.251 

4-  26.206 

^^’inte^. 

Ded mill  r — Febniary, 

—  12.033 

'  — 10.074 

—  11.054 

Spring. 

Mnrrh — Mae, 

4-  2-’ 291 

+  29.915 

4-  26.103 

Tho  moan  temporaturo  of  those  tliroo  years,  oalculatod  as  in  tlioproocid- 
in^  tables  by  using  the  summer  lieat  of  tb'.lb,  aitd  adding  a  quarter  of 
a  degree  for  the  defect  of  tlie  mean  of  the  pair  of  hours  8  and  8  is 
rather  under  +  F. 
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Physical  ami  Chemical  Examination  of  three  In  flammable  Gases 
which  are  evolved  in  Coal-Mines.  By  Dr  Gustav  Bischof, 
Professor  of  Chemistry  in  the  University  of  Bonn.  Com¬ 
municated  by  the  Author.  (Concluded  from  Vol.  xxix. 
p.  333.) 

§  IX.  Annhisis  nf  Pif-r/ns  hi  the  Dctonntion-tuhe. 

The  exact  analysis  of  an  inflammable  gas  in  the  detonation- 
tube  is,  as  is  well  known,  somewhat  diflicult,  because  only 
small  (juantities  of  gas  can  be  employed.  If  the  analysis  be 
repeated  several  times,  considerable  differences  take  place. 
The  cause  of  this  is  principally,  that  the  temperature  of  the 
gas  is  not  p.irticularly  determined,  and  that  gases,  even 
when  standing  over  mercury,  become  gradually  mixed  with 
atmospheric  air.  In  order  as  much  as  possible  to  remove 
these  two  inconveniences,  I  mixed,  in  a  bottle  over  water,  a 
(piantity  of  pit-gas  suflicient  for  several  experiments,  with  the 
retpiisite  (piantity  of  oxygen.  I  did  nut  All  the  bottle  entirely 
with  the  mixture,  but  left  a  very  small  quantity  of  water  behind. 
After  the  bottle  had  been  closed  under  water  by  a  cork  pro¬ 
vided  with  a  very  narrow  long  bent  (S )  tube,  it  was  reversed, 
and  the  opening  of  the  tube  cut  off  by  mercury.  By  heating 
the  liottle  very  slightly,  a  portion  of  the  gaseous  mixture  was 
ex])elled,  which  was  allowed  to  enter  the  detonation-tuhe  filled 
V,  ith  mercury,  after  the  first  bubbles  which  contained  the  at- 
mosidieric  air  of  the  tube,  together  with  some  drops  of  water, 
iiad  been  permitted  to  pass  over.  As,  after  the  cooling  of  the 
bottle,  the  mercury  rose  in  the  narrow  tube,  the  inclosed 
gaseous  mixture  remained  of  itself  cut  off,  and  the  unchanged 
position  of  the  metal  in  the  tube  was  at  the  same  time  a  sign 
of  the  whole  being  air-tight.  In  this  manner  several  experi¬ 
ments  could  he  performed  with  the  same  gaseous  mixture,  one 
after  another,  without  any  admixture  of  atmospheric  air.* 

^  1  fouiid  ufii'vwurds  that  the  gaseous  mixture,  when  it  remains  standing 
ii.  the  bottle  for  several  days, becomes  gradually  mixed  with  atmo-^pheric  air, 
without  the  mercury  siiiking  in  tlie  tube.  'I’lius,  on  the  succeeding  days, 
when  the  detonations  were  repeated,  there  was  a  constant  diminution  of 
the  products  of  the  detonation,  which  could  only  arise  from  the  atmosphe- 
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The  errors  of  measiiretnent  which  occur  when  the  inflamnaa- 
ble  gas  and  the  oxygen  are  separately  measured  in  eaeh  mdi- 
vidual  ex]>eriment  were  thus  likewise  avoided. 

The  detonation-tubes  were  graduated  by  myself  with  the 
greatest  care.  The  portions  were  so  long,  that  each  given 


I 

if 


ric  air  havinu:  replaced  some  of  the  gas  in  the  bottle.  This  disadv.antage- 
ous  .action  ni.ay,  however,  be  counteracted  by  immersing  the  whole  bottle 
under  water,  and  so  removing  the  cork  from  contact  with  the  atmospheric 
air;  but  I  preferred  repeating  the  detonations  in  different  tubes  rapidly 
after  one  another.  This  mode  of  proceeding  affords  the  most  exact  results. 
From  four  to  six  detonation-tubes  are  kept  ready  in  the  mercurial  .appa¬ 
ratus,  and  they  .are  filled  immediately  after  one  another  n  ith  the  explosive 
gas,  which  is  driven  out  of  the  bottle  by  gentle  heat.  In  this  w.ay  a  great 
deal  of  time  is  s.aved ;  and  the  analyses  .are  performed  under  the  same  cir¬ 
cumstances,  thus  affording  results  which  harmonize  as  much  as  can  be  de¬ 
sired.  There  are  just  two  things  that  must  be  most  particularly  attended 
to,  viz.  first,  that,  both  before  and  after  the  detonation,  the  gas  be  not  me.a- 
sured  until  no  further  changes  in  its  volume  can  be  remarked  ;  .and,  second, 
that  the  potash  be  left  long  enough  in  contact  with  the  gas.  Tlie  neglect 
of  these  two  precautions  is  the  source  of  most  of  the  errors.  An  hour  at 
least  is  required  ere  the  gas  in  the  detonation-tube  acquires  the  temper.a- 
ture  of  the  atmosi)heric  air,  especially  .after  the  detonation,  which  heats 
the  gas  considerably.  As  to  the  absorption  of  the  carbonic  acid,  it  is  to 
bo  remarked  that  the  last  imrtions  of  that  gas  are  not  fully  absorbed  for 
some  time.  This  is  particul.arly  the  case  when  the  gas  is  in  a  rarefied 
state,  as,  for  example,  when  the  gas  amounts  to  but  a  small  quantitv,  and 
the  detonation-tube  is  long.  TIence  it  is  advisable  to  incline  the  tubes  as 
much  as  possible  during  the  absorption  of  the  carbonic  acid.  If  the  tube 
be  perpendicular,  and  should  the  mercury  within  be  .about  I  t  inches  above 
its  level  without,  four  or  five  days  may  elapse  before  the  absorption  c.an 
be  accom])lished  by  means  of  hydrate  of  potash.  Hence  I  prefer  effecting 
the  absorption  by  solution  of  jmtasli,  which  is  allowed  to  ascend  through 
the  mercury.  If  the  detonation-tube  is  tlnui  taken  out  of  the  mercurial 
apparatus,  and  placed  in  a  vessel  filled  with  watei-,  the  absoqdion  takes 
place  very  rapidly  by  means  of  a  little  agitation ;  and  the  gas  left  behind 
can  be  immediately  measured. 

It  is,  as  I  have  .already  rem.arked,  very  difficult  to  prepare  detonation- 
tubes  which  remain  air-tight  for  several  days.  Hence  we  must  not  neglect 
to  prove  these  tubes  before  using  them  by  filling  them  with  mercurv,  .and, 
as  in  the  case  of  a  barometer,  placing  them  in  a  mercurial  apparatus  wiih 
their  molted  ends  uppermost.  If  the  mercury  sinks  after  six  or  eight  days, 
the  tubes  can  be  improved  by  applying  a  small  grain  of  sealing-wax,  and 
melting  it  on  the  platinum  wire  by  a  little  heat.  We  must,  however,  again 
prove  the  repaired  tube  before  employing  it,  for  the  imperfect  place  is  not 
always  closed  the  first  time. 

The  difficulty  of  inclosing  a  platinum  wire  quite  tightly  in  a  glass  tube 
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quantity  of  gas  could  always  be  brought  to  a  particular  gra¬ 
duated  line  by  sinking  the  detonation-tube  in  the  mercury  of 
the  pneumatic  trough,  or  by  raising  it  up.  In  this  manner  the 
errors  of  a  geometrical  subdivision,  owing  to  the  unequal  width 
of  the  glass  tube,  were  entirely  removed.  The  detonation- 
tubes  were  from  12  to  18  inches  long.  As  much  of  the  mix¬ 
ture  of  gases  was  always  employed  for  detonation  as  the  tube 
could  bear  without  fear  of  being  broken.  The  internal  level 
of  the  mercury  generally  stood  at  from  10  to  14  inches  above 
the  external,  and  the  gas  was  therefore  about  half  the  density 
of  the  atmospheric  air.  This  was  advantageous,  as  the  vio¬ 
lence  of  the  detonation  was  thus  diminished,  and  the  mea¬ 
surement  of  the  gas  could  thus  be  made  with  the  same  exact¬ 
ness  as  the  observation  of  the  height  of  the  barometer,  which 
could  not  be  effected  in  the  same  degree  if  the  interior  and 
exterior  mercurial  level  stood  at  the  same  height.  Of  course 


cannot  appoar  surprising,  wlien  we  consider  that,  in  cooling,  platinum  and 
glass  do  not  contract  equiiiiy.  However  intirn.itely  united,  therefore,  the 
two  may  be  during  the  melting  of  the  -.rLiss,  yet  an  opening  must  be  formed 
after  cooling,  which,  it  is  true,  will  for  a  slnn-t  time  atford  no  access  to  the 
air,  but  not  for  a  longer  period.  According  to  my  experiments,  the  air¬ 
tight  inclosure  of  the  wire  succeeds  more  easily  in  proportion  to  the  slow¬ 
ness  of  the  cooling  of  the  glass  tube.  Hence,  immediately  after  the  pla¬ 
tinum  wire  has  been  included  in  the  tube  by  fusion,  I  am  in  the  Imbit  of 
placing  the  tube  in  a  large  quantity  of  red-hot  sand,  and  allowing  the  two 
to  cool  together.  In  order,  moreover,  to  diminish  the  difficulties,  I  insert 
only  otK'  platinum  wire  in  the  end  of  the  tube,  where  it  succeeds  better 
than  at  the  side.  The  transmission  of  the  electric  spark  takes  place  by  an 
iron-wire  being  pushed  up  into  the  detonation-tube.  The  mercurial  trough 
has  a  hole  at  the  bottom,  which  is  closed  by  a  cork,  through  which  the  wire 
is  pu-hed.  If  the  cork  be  good,  the  wire  quite  smooth  and  a  little  greased,  it 
can  he  easily  j. ashed  up  and  down,  and  can  yet  so  close  the  aperture  as  to  ren¬ 
der  it  impervious  to  the  mercury.  It  is  of  course  understood  that,  previous  to 
the  introduction  of  thegas  into  the  tubt!s,  every  trace  of  potash  and  moisture 
must  be  removed.  For  this  purpose  I  pour  some  drops  of  acetic  acid  into 
the  tube,  tlien  rin  e  it  out  with  water,  and  afterwards  dry  it  very' carefully 
with  blotting-paper. 

If  these  circumst.ances  are  neglected,  we  cjinnot  be  surprised  by  the  ge¬ 
neral  complaint  among  chemists  that  the  analyses  of  inflammable  gas  in 
the  detonation-tube  afford  results  which  are  so  little  in  unison  with  one 
another.  But  by  attending  to  them  on  the  other  hand,  we  obtain  ro-tilts 
as  accurate  as  can  be  wished. 

VOI,.  XXX.  NO.  LIX. - JANUARY  1841.  I 
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the  height  of  the  internal  mercurial  level  above  the  external 
was  subtractetl  from  the  height  of  the  barometer. 

The  gaseous  mixture  driven  out  of  the  bottle  by  heat  was 
naturally  at  a  maximum  of  moisture.  The  residue  of  gas  wiis 
in  a  similar  condition  after  the  detonsxtion.  According  to  the 
well-known  formula  of  Dalton,  this  watery  vapour  was  sub¬ 
tracted  from  the  volume  of  the  mixture  of  gases.  The  resi¬ 
due  of  gas,  after  the  absorption  of  the  carbonic  acid  by  solid 
potash,  was  of  course  no  longer  moist,  as  the  potash  had  ab¬ 
sorbed  the  watery  vapour  as  well  as  the  carbonic  acul. 

The  pit-gas,  which,  in  order  to  separate  the  carbonic  acid, 
had  been  washed  with  solution  of  potash,  was  detonated  with 
three  times  its  volume  of  oxygen.  The  following  results  of 
my  experiments  give  the  measured  volumes,  after  subtracting 
the  watery  vapour  and  after  reducing  to  32’  F.,  and  28  inches 
B.  (German). 

EApiT.  1.  Expor.  2.  Exper. Mean. 

Mixture  of  gases,  ....  4  4  4  4 

Absorption  after  detonation,  .  1.9515  1.9C32  1.9457  1.9535 

Absorption  by  me.'ins  of  potash,  .  .  1.0575  1.0284  1.0339  1.0399* 

I  shewed,  seventeen  years  ago,t  that  the  analysis  by  the  de¬ 
tonation-tube,  of  a  mixture  of  gases  consisting  of  one  or  two  or 
three  inflammable  gases,  affords  the  true  composition  if  the 
mixture  is  composed  of  hydrogen  and  carbonic  oxide  gases, 
or  of  hydrogen  and  carburetted  hydrogen  gases,  or  of  carbonic 
oxide  and  olefiant  gases,  or  of  carburetted  hydrogen  and  ole¬ 
fiant  gases  ;  that,  on  the  other  hand,  if  the  mixture  consists  of 
any  other  two  or  three  inflammable  gases,  the  above-men¬ 
tioned  absorption  by  detonaflon,  and  that  by  potash,  are  ob¬ 
tained  in  such  relations  that  it  remains  undetermined  whether 
the  gaseous  mixture  consists  of  this  or  that  combination.  In 
order,  in  these  last  cases,  to  come  to  a  elecision,  it  must  be 
ascertained  whether  or  not  olefiant  gas  is  present.  By  means 

*  Wlicn  1  performed  these  experiments  I  w.is  not  aware  of  all  the  cir¬ 
cumstances  mentioncHl  above,  by  attention  to  which  the  most  .iccur.-ite  re¬ 
sults  are  obtainiHl.  Hence,  in  the  results  given,  there  is  not  the  same  near 
agi'eement  which  was  afforded  by  my  later  experiments. 

t  Contributions  to  the  analysis  of  gaseous  mixtures  of  hydrogen,  carbonic 
oxide,  carburetted  hydrogen,  and  olefi.mt  gases,  in  the  Jocni'tl  fur  V/iemi' 
vu<l  I'liiirik.  t.  xxxvii.  p.  133. 
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of  a  comparison  of  the  volume  of  the  gaseous  mixture  employed 
for  analysis,  with  the  volumes  which  disappear  by  detonatior, 
and  by  the  use  of  potash,  I  have  deduced  equations  for  the 
six  possible  binary  combinations  of  hydrogen,  carbonic  oxide, 
carburetted  hydrogen,  and  olefiant  gases,  in  order,  with  their 
assistance,  to  determine  what  combinations  can  occur  in  a 
given  case.  In  like  manner,  equations  were  deduced  for 
the  four  possible  ternai’y  combinations  of  these  inflammable 
gases,  and  for  this  purpose  three  were  deduced  for  each  single 
combination,  by  which  means  it  can  likewise  be  determined 
what  combinations  can  occur  in  a  given  case. 

The  experiments  in  §  3  have  proved  that  in  pit-gas  olefiant 
gas  is  present.  According  to  the  equations  of  the  binary 
combinations  which  contain  olefiant  gas,  only  that  one  consist¬ 
ing  of  carburetted  hydrogen  and  olefiant  gas  can  occur.  As 
in  this  combination  the  volume  of  the  gas  which  has  dis¬ 
appeared  by  detonation  amounts  to  double  the  volume  of 
the  gaseous  mixture  employed,  the  latter  must  amount  to 
_  Q  9^075^  Hence,  the  residue  of  0.02325  vol.  must  have 
been  a  foreign  non-inflammable  gas.  According  to  §  1  no 
oxygen  can  be  contained  in  this  residue.  If  we  consider, 
however,  that  the  pit-gas  employed  in  the  analysis  came 
in  contact  with  water  in  various  ways  during  the  wa.shing 
with  potash  and  the  filling  of  the  bottle,  it  may  well  be  as¬ 
sumed  that  the  pit-gas  has  acquired  some  atmospheric  air  by 
exchange.  As,  however,  the  pit-gas  from  Gerhard’s  Stollen, 
as  we  shall  soon  see,  contains  a  large  quantity  of  nitrogen,  it 
is  probable  that  the  residue  consisted  chiefly  of  that  gas. 
This  nitrogen  was  thus,  therefore,  an  essential  component 
part  of  the  pit-gJis.  The  small  quantity  of  the  residue  did 
not,  however,  admit  of  farther  analytical  investigations.  If 
now,  we  take  0.97675  vol.  as  the  quantity  of  the  inflammable 
gas  in  the  analyzed  pit-gas,  we  find  that  it  consists  of 
Carburetted  Iljdrogen  Gas,  ....  0.t)13G  vol. 

Olefiant  Gas, .  0.0632  ... 

Foreign  Gas, .  0.0232  .. 

1.0000 

Ul)on  the  supposition  that  the  pit-gas  is  a  ternary  combi¬ 
nation.  the  equations  coincide  only  with  the  ctnnbination  of 
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hydrogen,  carburetted  hydrogen,  and  olefiant  gas.  They 
take  for  granted,  however,  that  double  the  portion  of  the  gas 
employed  amounts  to  more  than  the  volume  of  the  absorption. 
We  obtain  the  following  combination  : — 


Hydrogen, 

Carburetted  Hydrogen, 
Olefiant  Gas,  . 


0.0930  vol. 
0.7741  ... 
0.1329  ... 


This  combination,  however,  cannot  exist,  as  it  supposes  a 
much  larger  quantity  of  olefiant  gas  than  is  afforded  by  direct 
experiment  with  chlorine  gas  (§  3). 

According  to  the  results  of  the  analysis  in  the  detonation- 
tube,  the  first  combination  alone  can  be  supposed  possible.  In 
regard  to  the  olefiant  gas,  whose  quantity,  as  ascertained  by 
indirect  analysis,  was  found  to  be  somewhat  greater  than  when 
determined  in  the  direct  way,  I  would  refer  to  what  I  shall 
have  to  say  in  §  11. 

It  still  remains  to  inquire  whether  the  pit-gas  under  con¬ 
sideration  could  consist  of  the  four  inflammable  gases.  The 
following  general  consideration  proves,  tliat,  from  the  results  of 
the  analysis  of  such  a  gaseous  mixture  in  the  detonation-tube, 
the  individual  gases  can  be  quantitatively  determined,  when 
its  specific  gravity  is  known. 

Let 

«'  be  the  volume  of  the  hydrogen,  .  .  .  u) 

X  ...  .  carbonic  oxide  gas  .  .  •  (/3) 

y  ..  .  carburetted  hydrogen  gas,  .  (>) 

z  .  ...  olefiant  gas,  .  .  .  •  (b 

Let  a  denote  the  absorption  by  detonation  ;  6  the  carbonic 
acid  produced  by  detonation ;  c  the  specific  gravity  of  the 
gaseous  mixture  ;  a,  l3,  y,  6,  the  specific  gravities  of  the  gases 
standing  opposite  them  ;  and  m  the  quantity  of  the  inflam¬ 
mable  gases  burnt  in  the  detonation-tube  ;  and  we  obtain  the 
four  following  equations : 

«'  +  X  +  y  +  .r  =  </» 

-  w  +  +  2(/  +  2  z  ■=.  a 

2  2  ^ 

x+y  +  2z— h 
•t«'  +  /3x  y  y  +  i  z  ~  e  n 
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from  which  the  four  unknown  quantities  may  be  determined 
by  elimination.  We  thus  have  : 

_  (4  ^  +  2  y  —  3  liX  +  (3  S  —  3  y)  h  —  ^  c  m  4*  (2  y  “  2  &')  o, 

Q  —  3  fit  +  5  ^  “  3  $ 

_  (4  a  —  6  y  +  3  S)  m  +  (5  —  7)  b  —  c  tn  (4  7  —  2  a  —  2  S)  a 

3  «  —  /B  —  5  ^  +  3  S 

_  (2  ft  +  6  /3  —  3  S)  m  (,5  —  3  a  4-  2  5)  6  —  5  r  »»  4-  (2  a  —  4  4-  2  5)  a 

•*'  ~  ^3  «  —  /3  — ~5  y  +  S 

-  y  —  3  «  —  3  g)  »>  +  (3  «  —  g  —  -2  y)  +  3  cm  +  (2g— 2y)a 
3  fit  —  g  —  5  ^  +  3  S 

If  we  now  substitute  for  the  specific  gravities  of  the  four 
inflammable  gases,  the  values  determined  with  so  much  accu¬ 
racy  by  Dulong  and  Berzelius,  we  have  the  following  nume¬ 
rical  co-efficients  in  the  preceding  equations  : 

_  2.0C74  m  +  1.2G45  h  —  3  cm  —  0.8276  <t 
*"  ^  O.Ol'JG 

_  0.137  m  —  0.4215  b+  c  m  —  0.1372  a 
,  -  o:GiaG 

_  —  3.0326  Hi  —  2.7271  b  +  a  f  III  +  1.7924  a 
0.0196 


_  1.4478  m  +  1.8841  —  3c  m  —  0.827G  a 
^  '  0.G196 

If  we  compare  the  two  equations  for  m  and  a  with  one  an¬ 
other,  it  is  easy  to  see  that  a  combination  of  the  four  inflam¬ 
mable  gases  is  only  possible  when  2  a  ;  for  only  in  that 
1  3 

case  is  2  4  o  *  ^  other  hand,  should  2  m  ^  a, 

2  3  _ 

there  will  he  ^  w  ^  x  ^  0,  and  this  combination  is  then 
not  possible. 

If  we  apply  this  to  the  results  of  our  analysis  in  the  deto¬ 
nation-tube,  we  have  2.1^1.9535,  and  the  combination  would 
consequently  be  possible.  But  it  is  here  that  the  detonated 
gas  consisted  entirely  of  inflammable  gases,  or  at  least  that  the 
quantity  of  the  latter  was  between  0.97675  and  1.  As  in  all 
such  eases  only  small  differences  are  under  consideration,  let 
us  make  w— 1,  and  we  have  a  =  1.9535,  6  =  1.0399  ;  and  c  has 
been  found  =0.5769.  If  we  employ  these  values  in  the  above 
equations,  w’e  obtain  : 
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Hydrogen, 

0.0564 

Carbonic  oxide  gas. 

.  0.0122 

Carburetted  hydrogen  gas. 

0.8361 

Olefiant  gas, 

.  0.0963 

1.0000 

We  see,  however,  that  this  combination  cannot  exist,  be¬ 
cause  it  supposes  a  much  larger  quantity  of  olefiant  gas  than 
has  been  found  by  direct  determination  by  means  of  chlorine. 
There  therefore  remains  no  other  possible  combination  but 
the  one  found  above  of  carburetted  hydrogen  and  olefiant 
gases,  and  in  that  case  there  must  likewise  be  present  a  fo¬ 
reign  non-inflammable  gas, — probably  nitrogen. 

§  10.  Analysis  of  Pit-Gas  h}f  Oxide  of  Copper. 

The  pit-gas  freed  from  carbonic  acid,  was  secured  in  a 
gasometer  by  water.  It  was  conducted  tlirough  a  tube  18 
inches  long,  filled  with  chloride  of  calcium,  and  then  through  a 
glass  tube  IG  inches  long,  nhich  was  filled  with  oxide  of  cop¬ 
per,  and  placed  in  a  furnace.  A  chloride-of-calcium  tube 
took  up  the  water,  and  Liel)ig’s  apparatus  absorbed  the  car¬ 
bonic  acid.  The  latter  was  in  condnnation  with  a  suction-ap¬ 
paratus  (Saugapparat),  which  u  as  so  regulated  that  from  60 
to  65  drops  of  water  flowed  off  in  the  minute.  Notwith¬ 
standing  this  slow  passage  of  the  gas,  a  portion  of  it  never¬ 
theless  escaped  combustion.  That,  however,  which  was  de¬ 
composed  in  the  red-hot  tube  was  completely  burned ;  for  when, 
after  an  experiment,  I  closed  the  combustion-tube  ( Ferbren- 
nungs  liohre ),  placed  the  other  in  lime-water,  and  strongly 
heated  it,  there  was  scarcely  a  trace  of  niuddiness  perceptible. 
When  the  flowing  of  the  gas  was  interrupted  but  for  a  few  se¬ 
conds,  the  water  formed  in  the  combustion-tube  moved  back¬ 
wards.  It  hence  appears  that  the  analysis  of  the  pit-gas,  by 
means  of  oxide  of  copper,  is  attended  with  some  difficulties 
which  affect  the  accuracy  of  the  result.  The  following  is  the 
result  of  one  of  the  most  successful  experiments.  The  car¬ 
bonic  acid  amounted  to  12.05  grains,  the  water  10  grains.  If 
we  assume  0.76435  as  the  weight  of  an  atom  of  carbon,  we 
have  as  the  composition  of  the  pit-gas. 
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Carbon,  .  .  3.322  or  74.99 

Hydrogen,  .  .  1.111  or  25.01 

100.00 

This  agrees  very  nearly  with  the  composition  of  carbiiretted 
hydrogen  gas,  but  differs  somewhat  from  the  results  of  the 
analysis  in  the  detonation-tube,  according  to  which,  owing  to 
the  mixed  olefiant  gas,  the  carbon  ought  to  have  turned  out 
somewhat  greater  ^in  amount.  Probably  this  pi’oceeds  from 
the  circumstance,  that  the  dry  and  heated  gas,  which  escaped 
unconsumed,  vaporised  some  of  the  water  of  the  solution  of 
potash,  so  that  the  carbonic  acid  was  estimated  at  too  small 
a  quantity.  If  the  analysis  were  to  be  I’epeated,  it  would  be 
necessar}-  to  connect  a  chloride-of-calcium  tube  with  the  ab¬ 
sorbing  ap])aratus.  I  satisfied  myself,  however,  with  the  aj)- 
proximative  result,  as  it  was  only  intended  as  a  check  on  the 
analysis  of  the  i»it-gas  in  the  detonation-tube. 

§  11.  1)<  termination  of  the  Specif  r  Gravity  of  the  Pit-Gas. 

The  gas  was  conducted  into  the  exhausted  balloon  from  a 
gasometer  through  a  tube,  which  was  filled  with  chloride  of 
calcium,  and  w  as  four  feet  long.  The  balloon  w  as  again  ex¬ 
hausted,  and  new  gas  was  in  like  manner  very  slowly  intro¬ 
duced.  In  order  to  convince  myself  that  the  gas  was  perfectly 
dry,  I  put  in  the  balloon,  immediately  before  the  first  pump¬ 
ing  out,  a  small  tube  filled  w  ith  chloride  of  calcium.  It  pre¬ 
sented,  however,  no  increase  of  w^eight  upon  taking  it  out  after 
the  weighing  of  the  balloon.  The  cock  of  the  balloon  closed  it 
quite  securely  ;  for  even  after  twenty-four  hours  the  exhausted 
balloon  presented  no  increase  of  weight.  In  communication 
with  the  balloon  on  the  air-pump  there  stood  a  receiver,  under 
which  there  was  a  thermometer  and  a  small  barometer,  in 
order  to  admit  of  the  determination  of  the  tension  of  the  gas, 
which  still  remained  behind,  in  order,  finally,  to  enable  a 
correction  to  be  made  for  the  unequal  alh’ostatic  influence  du¬ 
ring  the  different  weighings,  the  external  volume  of  the  bal¬ 
loon  with  its  cock  was  determined  by  weighing  it  under  pure 
water.  The  lo.ss  of  weight  of  the  balloon,  filled  with  water, 
amounted  in  the  Avater  to  87672.5  grains  at  51°  F.  At  32°  F. 
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this  loss  of  weight  would  therefore  have  been  87684.4  grains. 
If,  now,  we  suppose  the  density  of  the  dry  atmospheric  air  at 
32°  F.,  and  28  inches  barometer,  equal  to  0.00129907  the  den¬ 
sity  of  water,  the  weight  of  the  atmospheric  air  displaced  by 
the  balloon,  the  height  of  the  barometer  and  thermometer  being 
the  same,  would  be  113.961  grains.  If,  in  the  weighing  of  the 
exhausted  balloon,  we  indicate  the  height  of  the  barometer  by 
b,  the  temperature  of  the  air  by  /,  and  the  tension  of  the  wa¬ 
tery  vapour  b\  e,  while  i3,  r,  and  s,  denote  the  same  quantities 
in  the  weight  of  the  balloon  filled  with  gas,  then  the  follow¬ 
ing  formula  expresses  the  (juantity  which  must  be  added  to 
the  ascertained  weight  of  the  gas,  in  order  to  correct  the  al¬ 
tered  aerostatic  influence  as  existing  in  the  case  of  the  ex¬ 
hausted  balloon,  and  of  the  balloon  filled  with  gas. 

in 961^  s ' _ _ h.  sf _ ^ 

+<l-WW7o  r)  28(1 +0.00375?/ 

This  corrected  weight  was  then  reduced  in  the  usual  way 
to  32°  F.,  and  28  inches  B.,  and  at  the  same  time  the  ex¬ 
pansion  of  the  balloon  by  heat  was  taken  into  account. 

The  following  are  the  results  of  my  experiments. 

I.  Weight  of  the  atmospheric  air  in  the  balloon  97.4  grain.s. 
After  the  correction  of  the  aerostatic  influence  97.18  grains. 

At  the  time  of  weighing  the  empty  balloon,  the  height  of 
the  barometer  27.58  inches,* 

Temperature,  53°  F. 

At  the  time  of  weighing  the  full  balloon,  the  height 
of  the  barometer  was  ’  .  .  .  27.573 

Barometer  under  the  receiver,  .  .  .  0.333 

Conse([uently  the  tension  of  the  weighed  air,  27.24 

Temperature  54°.5  F. 

The  weight  of  the  atmospheric  air,  therefore,  at  32"  F.,  and 
at  28  inches  =  104.539  gr. 

II.  Weight  of  the  pit-gas  in  the  balloon  55.8  grains.  After 
the  correction  of  the  aero.static  influence  55.09  grains. 

At  the  time  of  weighing  the  empty  balloon,  the  height  of 
the  barometer  was  27.93  inches. 

Temperature,  54°.3  F. 


*  All  the  heights  of  the  barometer  are  reluced  to  eqiuii  tempevatures. 
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At  the  time  of  weighing  the  full  balloon,  the  barometer 
stood  at  ......  .  27-907  In. 

From  this,  however,  is  to  be  deducted  the 
height  of  the  inner  level  of  the  water  in  the  re¬ 
ceiver  above  the  outer,  since,  after  the  passage 
of  the  gas  from  the  receiver  to  the  exhausted 
balloon,  the  water  rose.  This  column  of  water, 
reduced  to  a  column  of  mercury,  gives  .  0.62 

27.287  In. 

IJarometer  under  the  receiver,  .  .  .  0.375 

Therefore  tension  of  the  weighed  air,  .  26.912 

Temperature,  57°.2  F. 

The  weight  of  the  pit-gas  at  32°  F.,  and  28  inches  B.  is 
therefore  =  60.304. 

In  the  correction  of  the  aerostatic  influence,  c  and  e  have  not 
been  taken  into  consideration,  because,  during  the  two  experi¬ 
ments,  the  quantity  of  atmospherical  vapour  was  not  [)ercep- 
tibly  altered.  The  condensation  always  ensued  at  26  .5  F. 

60  304 

The  specifle  gravitv  of  the  pit  ^as  is  therefore  - = 

‘  ‘  ^  104539 

0.576856. 

A  second  experiment  gave  0.571667. 

Inasmuch  as  the  balloon  was  twice  filled  with  the  pit-gas, 
the  quantity  of  the  atmosjiheric  air  still  left  behind  must  have 
been  so  small  as  to  be  indeterminable.  As,  however,  every 
gas  is  rendered  impure  by  atmospheric  air  when  the  water  by 
which  it  is  retained  stands  in  free  communication  with  the 
atmosphere,  the  ]>it-gas,  previous  to  its  entrance  into  the 
balloon,  must  have  been  rendered  more  or  less  impure  by  at¬ 
mospheric  air.  In  order  to  be  able  to  estimate  and  deduct  this 
air,  a  little  gas  was  expelled  from  the  balloon  by  gentle  heat. 

The  determination  of  the  small  (juantity  of  oxygen  in  this 
gas  was  attended  with  difliculty.  I  tried  in  vain  the  employ¬ 
ment  of  a  solution  of  sulphuret  of  potassium.  Two  experi¬ 
ments  with  the  gas  from  the  balloon  aflbrded  a  mean  of  ab¬ 
sorption  of  0.05765  vol.,  while,  on  the  other  hand,  experi¬ 
ments  with  pure  pit- gas  aflbrded  an  absorption  of  0.0576  v. 
The  suipliuret  of  potassium  had  therefore  absorbed  some 
of  the  pit-gas  itself.  ^^Compare  §  1  in  vol.  xxix,  p.  316;.  Nitric 
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oxide  gas,  however  insufficient  it  may  be  for  eudiometrical 
purposes,  seemed  available  in  the  present  case,  where  the  de¬ 
termination  of  a  small  quantity  of  oxygen  gas  was  alone  con¬ 
cerned.  This  gas  added  to  the  pit-gas  from  the  balloon, 
afforded,  in  three  experiments,  an  absorption  of  0.03,  0.03, 
and  0.034  voh,  while  the  absorption  in  pure  pit  gas  amounted 
to  0.004  voh,  being  the  mean  of  three  experiments.  Conse¬ 
quently,  the  oxygen  in  the  gas  from  the  balloon  amounted  to 
about  0.009  vol. 

How  much  nitrogen  was  indicated  by  this  quantity,  it  is 
difficult  to  determine,  because,  as  is  well  known,  water  ex¬ 
posed  to  the  atmospheric  air  absorbs  oxygen  in  a  larger 
proportion  than  that  contained  in  atmospheric  air.  If  we 
should  assume  that  the  air  which  has  passed  from  the  wa¬ 
ter  to  the  pit  gas  was  constituted  like  the  atmospheric  air, 
then  we  should  have  0.0433  vol.  of  atmospheric  air  ;  and,  ac¬ 
cording  to  this  assumption,  the  specific  gravity  of  the  pure  pit- 
gas,  according  to  the  second  experiment,  would  be  reduced  to 
0.552281.  There  is,  however,  no  question  that  the  (puintity 
of  ox3’gen  and  nitrogen  is  made  much  too  great  in  this  way. 

If  we  calculate  the  specific  gravity  of  the  pit-gas  according 
to  the  results  of  the  analysis  in  the  detonation-tube  (§  ix.), 
and  reckon  the  s})ecific  gravity  of  carburetted  hydrogen  gas 
=  0.5589,  that  of  olefiant  gas  =  0.9804,  and  that  of  nitrogen 
=  0976,  then  we  obtain  0.5952.  But  if,  according  to  the 
analysis  with  chlorine,  the  pit-gas  be  composed  of  : — 


Carburetted  hydrogen. 

o.oaan 

Olefiant  gas,  . 

0.0380 

Nitrogen, 

0.0232 

1.0000 

then  the  specific  gravity  would  be  0.5846. 

More  confidence  is  plainly  to  be  put  in  the  analysis  by  the 
detonatiou'tube  than  in  that  b\’  means  of  chlorine,  although 
the  specific  gravit\',  calculated  according  to  the  latter,  corres¬ 
ponds  better  with  that  found  b^'  direct  experiment,  than  does 
the  specific  gravity  calculated  from  the  former. 

The  specific  gravity  of  marsh-gas,  according  to  Henry,  is 
0.582  to  0.586.  After  subtracting  nitrogen,  we  obtain 
0.556,  which  corresponds  pretty  accurately  with  the  specific 
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gravity  of  carburetted  hydrogen,  assumed  above,  as  calcu¬ 
lated  from  the  experiments  of  Berzelius  and  Dulong.  As 
the  s])ecific  gravity  of  the  olefiant  gas  was  calculated  from  the 
same  experiments,  we  must  put  faith  in  the  previous  calcula¬ 
tion.  On  the  other  hand,  1  can  also  answer  for  the  accuracy 
of  my  determinations  of  the  specific  gravity  of  the  pit-gas. 
The  difi'erence  between  the  specific  gravities  calculated  ac¬ 
cording  to  the  analysis,  and  that  found  by  direct  experiment 
(which  of  course  becomes  still  a  little  greater  when  we  take 
into  consideration  the  small  admixture  of  atmospheric  air, 
which  was  mingled  with  the  pit-gas j,  therefore  still  remains 
somewhat  puzzling. 

As,  according  to  §  viii.,  tlie  sidphuric  acid  took  up  no  pit-gas, 
there  can  be  no  vapour  contained  in  it,  which,  as  in  the  deto¬ 
nation  of  the  oil-gas  used  for  gas-light,  could  cause  the  formation 
of  a  greater  (quantity  of  carbonic  acid  gas  than  belongs  to  the 
carburetted  hydrogen  and  olefiant  gas.  Can  we  suppose  that 
the  pit-gas  contains  a  very  small  quantity  of  a  carburetted 
hydrogen  compound,  which  is  not  absorbed  by  sulphuric  acid, 
and  likewise  not  by  chlorine  in  the  dark  ?  It  is  possible  that 
the  phenomena  mentioned  in  §  vi.  (vol.  xxix.  p.  322),  the  for¬ 
mation  of  a  peculiar  oil-like  combination  during  the  passage 
of  the  pit-gas  through  a  red-hot  porcelain  tube,  might  arise 
from  such  a  vapoury  hydro-carbon,  and  not  from  the  carbu¬ 
retted  hydrogen  or  olefiant  gas.  The  disagreeable  smell,  like¬ 
wise,  w  Inch  pit-gas,  kept  for  a  long  time  in  well-closed  bottles, 
acquires,  and  which  resembles  that  of  sulphuretted  hydrogen, 
may  perhaps  arise  from  the  decomposition  of  such  a  substance. 

Chrmiad  Analysis  of  thr  Pit-Gas  of  Gerhard's  Stolh  n. 

This  investigation  w'as  conducted  in  the  same  manner  as 
the  preceding,  and  therefore  I  shall  merely  communicate  the 
results. 

Nitric  oxide  gas  indicated  no  determinable  quantity  of  oxy¬ 
gen. 

Caustic  potash  indicated  0.039  vol.  of  carbonic  acid  gas. 

Chlorine-gas  atforded  such  small  absorptions,  that,  accord¬ 
ing  to  these  experiments,  the  existence  of  olefiant  gas  remains 
somewhat  doubtful.  Should  it  be  present,  it  can,  at  all  events, 
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according  to  the  determination  by  means  of  chlorine,  not  ex¬ 
ceed  0.0025  vol.  in  amount. 

The  same  experiments  as  in  §  v.  (vol.  xxix.  p.  320),  for  the 
discovery  of  carbonic  oxide  gas,  were  also  performed  with  this 
gas.  The  mercury  was  boiled  in  the  tube,  and  the  potassium 
was  at  first  only  heated  to  melting.  'J’he  gas  increased  about 
0.146  of  its  volume.  Afterwards  the  potassium  was  again 
heated,  and  for  so  long  as  an  increase  of  volume  could  be  re¬ 
marked,  during  which  the  tube  acquired  a  dark  red  heat. 
The  increase  altogether  amounted  to  0.184  of  its  original 
volume. 

Since  these  experiments,  as  well  as  those  in  §  v.,  indicated  no 
carbonic  oxide  gas,  but,  on  the  contrary,  always  presented  an 
increase  of  volume,  it  seemed  to  me  interesting  to  ascertain 
the  action  of  potassium  with  an  inflammable  gaseous  mix¬ 
ture,  which  actually  contained  carbo.oic  oxide  gas.  In  order 
to  be  quite  certain  that  the  carbonic  oxide  gas  was  free  from 
carburetted  hydrogen  gas,  I  obtained  it  from  oxalic  acid  by 
means  of  sulphuric  acid,  and  carefully  separated  the  carbonic 
acid  gas.  As  the  pit-gas  from  IVellesn'eUer  IStoUen  proved  to 
be  a  pretty  pure  carburetted  hydrogen  gas,  I  conducted  4 
vol  of  this  gas,  and  1  vol.  carbonic  oxide  gas  into  a  tube  filled 
u  ith  boiled  mercury,  and  dried  it  by  means  of  chloride  of  cal¬ 
cium.  1  continued  the  heating  of  the  potassium  so  long  as 
an  alteration  of  the  volume  of  giis  could  be  perceived.  A  di¬ 
minution  of  it  took  place,  but  it  amounted  only  to  0.075. 
The  potassium  therefore  only  indicated  0.075  vol.  of  the  0.2 
vol.  which  had  been  added. 

As  accordingly  it  was  to  be  supposed,  that  potassium  only 
indicated  carbonic  oxide  gas  in  an  inflammable  gaseous  mix¬ 
ture,  when  it  was  present  in  considerable  (quantity,  I  repeated 
the  preceding  experiment  with  a  gaseous  mixture  which  con¬ 
tained  only  ^tli  of  its  volume  of  carbonic  oxide.  When  the 
potassium  was  heated  to  the  melting  point,  a  diminution  of 
volume  of  0.02  presented  itself,  after  the  tube  had  been  brought 
back  to  its  original  temperature.  When,  on  the  contrary,  the 
potassium  was  heated  anew  and  uninterruptedly  until  the 
volume  was  no  longer  altered,  an  increa.se  of  0.098  presented 
itself  after  cooling. 
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From  these  experiments,  it  results  that  carbonic  oxide  gas, 
mixed  with  carburetted  hydrogen  gas,  cannot  be  determined 
quantitatively  by  means  of  potassium  ;  that  it  is  only  indicat¬ 
ed  by  a  diminution  of  the  volume  of  gas  when  it  is  present  in 
considerable  quantity  ;  and  that  that  diminution  amounts  to 
so  much  the  less,  the  more  strongly  and  tin;  more  uninterrupt¬ 
edly  the  potassium  is  heated  ;  nay,  that  in  this  case  an  in¬ 
crease  of  volume  may  take  place  even  when  the  carbonic  oxide 
gas  amounts  to  14  per  cent. 

What,  then,  can  be  the  cause  of  this  increase  ?  Moisture, 
which  in  the  first  experiment  (§  v.)  seems  to  have  had  influ¬ 
ence,  was  entirely  counteracted  in  the  subsequent  experiments 
by  boiling  the  mercury,  and  by  chloride  of  calcium.  There  can, 
therefore,  only  have  taken  place  a  partial  decomposition  of 
the  carburetted  hydrogen  gas  bi/  means  of  the  heated  potassium  ; 
for  if  w'e  heat  a  mixture  of  pit-gas  from  the  ICellesiveiler  Stollen 
and  carbonic  oxide  gas  to  the  same  point,  without  the  presence 
of  potassium,  no  increase  of  volume  presents  itself.  It  appears 
that  here  the  potassium  acts  in  the  same  manner  as  do  metals 
on  aminoniacal  gas  when  heated  in  it.  In  the  experiments  in 
which  potassium  was  heated  in  one  of  the  two  pit-gases  with¬ 
out  the  addition  of  carbonic  oxide  gas,  there  was  always  pre¬ 
sented  a  blackening  of  the  tube  in  the  neighbourhood  of  the 
metal. 

As,  therefore,  potassium  is  not  adapted  for  the  separation 
of  carbonic  oxide  gas  from  an  inflammable  gaseous  mixture, 
there  remain  no  other  means  for  the  analysis  of  any  combina¬ 
tion  of  the  four  inflammable  gases,  hydrogen,  carbonic  oxide, 
carburetted  hydrogen,  and  olefiant  gas,  except  chlorine,  deto¬ 
nation  with  oxygen,  and  the  determination  of  the  specific 
gravity. 

I  have  instituted  experiments  on  the  pit-gas  of  (ierhard's 
Stollen  at  a  red  heat,  similar  to  those  made  with  the  previous 
gas. 

The  dried  gas  was  conducted  10  times  in  one  experiment, 
and  8  times  in  another,  through  the  red-hot  porcelain  tube  ; 
but  after  the  fourth  transmission  the  volume  was  no  longer 
increased.  This  increase  was  somewhat  smaller  in  the  second 
experiment  than  in  the  first,  which  was  probably  caused  by 
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tlie  carbon,  which  had  been  deposited  in  the  first  experiment, 
not  having  been  removed. 

In  a  mean  of  three  experiments  nearly  corresponding  with 
one  another,  1  vol.  of  decomposed  pit-gas  of  the  first  experi¬ 
ment  had  afforded,  by  detonation  with.  3  vol.  of  oxygen,  an 
absorption  of  1.367  vol.,  and  potash  had  absorbed  0.528  vol. 
of  carbonic  acid  gas.  Assuming  that  the  carbonic  acid  gas 
was  produced  from  carburetted  hydrogen  gas  alone,  the  gas  ex¬ 
perimented  on  consisted  of 

Carburetted  hj’drogen  gas,  .  .  .  0.628  vol. 

Hydrogen  gas,  ....  0.207  ... 

Foreign  gas,  ....  0.265  ... 

1.000 

The  pit-gas  of  the  second  experiment,  when  1  vol.  was  de¬ 
tonated  with  3  vol.  oxygen,  afforded  an  absorption  of  1.289  vol., 
and  the  carbonic  acid  gas  amounted  to  0.5  vol.  Making  the 
same  assumption  as  before,  the  gas  consisted  of 


Carburetted  hydrogen  gas. 

0.500 

Hydrogen  gas,  .  .  . 

0.172 

Foreign  gas,  .  .  .  . 

0.328 

1.000 

In  the  first  ex])eriment,  therefore,  there  was  decomposed 
only  0.10,  and  in  the  second  only  0.086  vol.  of  the  pit-gas  in 
the  red-hot  porcelain  tube.  This  difference  agrees  also  with 
the  smaller  increase  of  volume  in  the  second  experiment.  As, 
however,  the  atmos])heric  air  could  not  be  entirely  removed  ; 
and  as,  likewise,  during  the  long  continuance  of  the  experi¬ 
ment,  the  gas  would  be  rendered  impure  by  this  air  from  the 
confining  water,  thei'e  can  be  no  doubt  that  a  portion  of  the 
hydrogen  is  burned  in  the  red-hot  tube  at  the  expense  of  the 
oxygen  of  the  atmospheric  air.  The  true  amount  of  gas 
decomposed  must  therefore  have  been  somewhat  greater. 
This  also  agrees  witli  the  fact,  that  in  the  decomposed  gas 
about  twice  as  much  foreiyn  gas  was  found  as  in  the  undecom¬ 
posed  gas,  according  to  the  analysis  which  follows  below.  I 
omitted  examining  more  closely  the  foreign  gas ;  but  doubt¬ 
less  it  consisted,  at  least  chieffy,  of  nitrogen.  After  subtract¬ 
ing  the  foreign  gas,  the  increase  of  volume  amounted,  accord- 
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ingly,  in  the  first  experiment  to  0.16,  and  in  the  second  to 
0.15. 

This  increase  amounts,  therefore,  to  somewhat  more  than 
that  of  the  pit-gas  of  IFellesneiler  Stollen  ;  but  the  difference 
is  not  great.  When  we  consider  that  the  results  of  these  expe¬ 
riments  depend  on  circumstances  which  we  have  not  under 
our  control,  this  difference  will  not  appear  surprising.  Indeed, 
it  is  very  probable  that  the  increase  of  volume  which  the  car- 
burctted  hydrogen  undergoes  when  exposed  to  a  red-heat  is  a 
constant  cpiantity,  and  that  it  does  not  exceed  0.2.  What  is 
true  of  tlie  carburetted  hydrogen  gas,  is  probably  true  as  re¬ 
gards  the  olefiant  gas.  Hence  the  latter  gas,  which,  according 
to  the  analysis,  is  contained  in  both  the  pit-gases,  was  not 
taken  into  consideration. 

Tlie  carbon  which  was  deposited  in  the  porcelain  tube  was 
quite  of  the  same  nature  as  in  the  Wellesweiler  pit-gas,  and 
the  same  empyreumatic  smell  was  perceptible. 

The  analysis,  by  the  detonation-tube,  of  the  pit-gas  from 
Gerhard's  Sfollen,  was  conducted  in  the  same  manner  as  in  §  ix. 
After  it  had  been  purified,  by  being  washed  with  solution  of 
potash,  it  was  mixed  with  three  times  its  volume  of  oxygen, 
which  was  likewise  washed  in  the  same  way. 

The  following  are  the  results  of  the  experiments,  after  sub¬ 
tracting  the  watery  vapour,  and  after  reduction  to  32’  F.  and 
28  in. 


I'-.-per.  1. 

Exper.  2. 

Mean. 

Gaseous  mixture. 

4 

4 

4 

Absorption  .after  detonation, 

1.0! '72 

1.7052 

1.7012 

Absorption  by  potash. 

0.8096 

0.8712 

0.8704 

We  might  already  reckon  on  the  presence  here  of  a  consi¬ 
derable  (piantity  of  a  foreign  gas,  from  the  comparatively  small 
absorption  by  detonation  and  by  potash.  Therefore  I  agitated 
the  residue,  after  the  absorption  of  the  carbonic  acid,  for  twenty 
minutes,  witli  sulphuret  of  potassium,  and  in  the  same  way  I 
determined  also  the  amount  of  nitrogen  in  the  oxygen  em¬ 
ployed  for  iletonation. 

The  following  is  the  result  of  Experiment  II. 

Residue  .nftiT  aV)Sorption  of  the  carbonic  acid,  .  1.4234  vol. 

Residue  after  agitation  with  a  solution  of  sulphuret  of  potas¬ 
sium,  ......  0.2830  ... 
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Thence  is  to  be  subtracted  the  quantity  of  nitrogen  contained 
in  the  three  volumes  of  oxygen,  .  .  .  0.1168  vol. 

Consequently  foreign  non-inflammable  gas  in  the  pit-gas,  0.1G72 
Experiment  I.  gave,  .....  0.1Glt2 

Mean,  ......  0.1G82 

The  quantity  of  inflammable  gas  in  the  gaseous  mixture 
amounted  therefore  to,  ....  0.8318 

If,  however,  we  assume  that  the  inflammable  gas  is  equal  to 
the  half  of  the  absorption  by  detonation,  we  have,  0.8506 

which  harmonizes  pretty  nearly  with  the  direct  determination 
of  the  foreign  gas.  The  difference  cannot  surprise  us  when 
we  consider,  that  in  agitating  a  gaseous  mi.xture  with  a  solu¬ 
tion  of  sul[)huret  of  potassium,  some  nitrogen  is  always  absorbed 
along  with  the  oxygen,  and  so  much  the  more  the  less  there  is 
of  it  in  proportion  to  the  latter.  Doubtless,  therefore,  the 
nitrogen  is  somewhat  underrated  in  the  oxygen  employed  for 
detonation.  We  ought,  tiierefore,  to  j)lace  more  conff deuce  in 
the  indirect  deteiininution  of  the  foreign  gas,  according  to 
which  it  amounts  to  0.1494  vol.,  than  in  the  direct  mode. 

Accoraing  to  the  assumption  formerly  made,  that  the  in¬ 
flammable  gases  are  etpial  to  half  the  absorption  by  detona¬ 
tion,  only  the  binary  combination  of  carburetted  hydrogen  and 
olefiant  gas  can  occur,  and  it  results  that  the  composition  is 
the  following: 


Carburetted  hydrogen. 

0.8308 

Olefiant  gas. 

.  0.0198 

Foreign  gas. 

0.1494 

1.0000 

There  is  requisite  for  the  perfect  ignition  of 

0.8308  v.  carburetted  hydrogen  gas. 

1  .GG16  V.  oxygen. 

0.0198  V.  olefiant  gas. 

0.0594  V. 

Absorbed  by  sulphurct  of  potassium. 

1.1404  V. 

2.8G14 

There  was  used  for  detonation. 

3  V.  oxygen. 

The  nitrogen  contained  in  it  amounted  to. 

0.1158 

Pure  oxygen. 

2.8842 

The  difference  between  this  and  the 

(  previous  number 
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without  doubt  caused,  at  least  partly,  by  the  reason  already 
mentioned. 

Among  the  ternary  combinations,  only  that  could  occur,  con¬ 
sisting  of  hydrogen,  carlniretted  hydrogen,  and  olefiant  gas,  if 
we  had  2  m  a.  If  we  for  a  moment  assume  this,  and,  con¬ 
trary  to  all  probability,  fix  any  value  for  ni  winch  should  be 
greater  than  0.8500,  it  is  easy  to  see,  when  we  regard  the 
equations  for  the  said  ternary  combination,*  that  the  amount 
of  the  olefiant  gas  must  turn  out  greater  than  0.0198.  As 
now  this  (juantity  is  imieh  greater  than  that  determined  by 
direct  analysis  by  means  of  chlorine,  such  an  assumption  is 
altogether  deficient  in  probability. 

Lastly,  as  to  the  possible  case  of  the  pit-gas  of  Gerhard' s 
Stollen  being  a  combination  of  all  the  four  inflammable  gases, 
likewise  in  that  case  must  2  m  a.  Such  an  assumption 
would  e(]iuilly  leave  .to  be  found  a  larger  quantity  of  olefiant 
gas,  and  a  smaller  (juantity  of  nitrogen,  than  have  been  ascer¬ 
tained  by  direct  investigations  ;  and  hence  this  supposition  is 
just  as  devoid  (tf  probability  as  that  of  a  ternary  combination. 

The  .sj)ecific  gravity  of  this  pit-gas  was  determined  in  the 
same  manner  as  that  of  the  preceding  one.  After  all  correc¬ 
tions  it  is  =  0.651275.  If  we  calculate  it  according  to  the 
above  analysis,  in  which  we  assume  the  foreign  gas  to  be  nitro¬ 
gen,  it  is  0.6295G0.  Although  the  specific  gravity  found  by  ex¬ 
periment  must  at  all  events  turn  out  somewhat  greater  than 
that  w  Inch  is  calculated,  inasmuch  as  the  gas  in  the  balloon  na¬ 
turally  cannot  be  entirely  free  from  atmo.^pberic  air  ;  yet  the 
difference  is  somewdiat  too  considerable  to  allow  us  to  ascribe  it 
merely  to  that  circumstance.  1  luivt;  indeed  examined  the  gas 
of  the  balloon,  but  unfortunately  with  a  solution  of  sulphuret  of 
potassium,  and  I  perceived  too  late  that  this  mode  is  not  appli¬ 
cable  for  the  separation  of  oxygen  from  inflammable  gases.t 
I  was  obliged  to  renounce  a  repetition  of  the  determination  of 
the  specific  gravity,  because  I  had  not  enough  of  the  gas.  If  we 

*  Tliese  equations  are 

Ilydro!icn  =  4  hi  —  2  (t 

Cai'buretted  hydrogen  =  4  <i  —  h  —  (!  m 
Olefiant  gas  rs.  3  hi  +  b  —  2  a. 

t  This  pit-gas  was  the  first  whose  specific  gravity  I  determined. 
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combine  all  the  results  of  my  investigations,  it  appears  from  the 
evidence  before  us,  that  this  pit-gas  is  composed  of  carburetted 
hydrogen  gas,  olefiant  gas,  and  nitrogen  ;  although  the  real 
proportions  of  these  constituents  may  perhaps  deviate  some¬ 
what  from  those  determined.  If  a  little  nitrogen  should  be 
oxidised  with  the  inflammable  gases  during  the  detonation, 
the  quantity  of  that  gas  would  be  made  too  small,  and  that  of 
the  inflammable  gases  too  great.  A  partial  oxidation  of  the 
nitrogen  by  the  detonation  of  an  inflammable  gas,  where  there 
is  an  excess  of  oxygen,  is  not  only  probable,  but,  from  the 
experiments  of  De  Saussure,  is  hardly  to  be  doubted. 

Physical  and  chemical  examination  of  an  inflammable  <jas  which 

is  evolved  from  an  Artesian  ivcll  in  the  Principality  of  Schaum- 

burg. 

Both  the  preceding  inflammable  pit-gases  w'ere  evolved 
from  the  oldest  coal-formation.  The  gases  which  were  pre¬ 
viously  collected  in  the  English  pits,  and  analyzed  by  Henry, 
Thomson,  Davy,  .Sic.  were  also,  so  far  as  I  know,  from  the 
oldest  coal-formation.  It  therefore  seemed  a  matter  of  in¬ 
terest  to  make  use  of  an  opportunity  which  presented  itself 
to  me  of  analyzing  an  inflammable  gas  from  a  much  newer 
coal-formation,  viz.  one  belonging  to  the  lias  series.  This  gas 
is  evolved  from  an  Artesian  well,  which  was  bored  in  a  coal¬ 
pit  near  Lieckwege,  in  the  principality  of  Schaumburg.  It 
seems  not  to  originate  from  a  coal-bed  ;  for  the  bore  was 
carried  to  a  depth  of  180  feet  below  the  bed  which  is  mined, 
without  a  second  bed  being  traversed.  In  the  neighbour¬ 
hood  of  that  bore,  another  bore  has  been  even  carried  to  a 
depth  of  242  feet  without  meeting  with  a  second  bed.  Tha 
gas  is  probably  evolved  from  the  slate-clay  in  which  is  the 
bore.  This  can  easily  be  understood,  as  the  slate-clay  found 
there  is  very  rich  in  carbonaceous  matter. 

Upon  the  bore  of  the  Artesian  well,  there  is  a  pumping  pipe. 
The  water  flows  aside  from  this  pipe,  and  fourteen  inches  un¬ 
der  its  upper  end.  The  space  above  the  water  is  always  filled 
with  the  inflammable  gas.  When  lighted,  it  burns  with  a 
bluish  flame,  which  is  only  coloured  a  little  yellow  at  the  end. 
If  we  cover  the  opening  of  the  pump-pipe  with  a  piece  of  wood, 


which  are  evolved  in  Coal-Mines. 


147 


so  that  the  gas  is  forced  to  pass  through  the  seams,  it  burns  with 
almost  as  yellow  a  flame  as  olefiant  gas.  It  is  only  below  that 
the  flame  is  somewhat  blue.  When,  in  order  to  collect  the 
gas,  I  introduced  a  funnel  into  the  pumping-pipe,  and  luted  it 
all  round,  .so  that  it  wav:  necessary  for  the  gas  to  issue  through 
the  narrow  opening,  it  l)urnt  with  a  flame  which  was  two  feet 
high,  and  which  was  only  blue  under  from  one  to  two  inches, 
but  otherwise  was  entirely  of  a  light  yellow  tint.  Jiy  prevent¬ 
ing  the  exit  of  the  water  to  the  side,  it  was  obliged  to  force  it¬ 
self  through  the  narrow  opening  of  the  funnel,  and  there  was 
then  formed  a  fountain  composed  of  water  and  gas  more  than 
two  feet  high.  The  water  formed  the  middle  of  the  fountain* 
and  the  gas  surrounded  it  like  a  mantle.  It  presented  a  beau¬ 
tiful  spectacle  when  the  gas  was  lighted,  and  the  flame  played 
round  the  cylinder  of  water.  This  flame  was  also  yellow,  and 
only  somewhat  blue  below.  If  the  pumping-pipe  w  as  so  closed 
that  the  gas  was  forced  to  issue  rapidly  along  with  watery  va¬ 
pour  through  a  giass  tube  about  two  lines  in  diameter,  the  gas 
burned  with  a  pure  blue  flame. 

Hence  we  perceive  that  the  colour  of  the  flame  of  an  in¬ 
flammable  pit-gas  can  vary  very  much  according  to  the  mode 
of  its  issuing  forth,  and  even  according  to  the  greater  or  smaller 
quantity  of  atmospheric  air  with  which  it  comes  in  contact. 
Hence,  by  means  of  this  colour,  w’e  can  hardly  form  a  con¬ 
clusion  respecting  the  chemical  con.'>titution  of  the  ga.s. 

The  gas  is  evolved  with  force. 

The  chemical  examination  afforded  the  following  results  : — 

1.  The  gas  troubled  like  water.  In  the  various  experi¬ 
ments,  therefore,  a  gas  was  employed  which  had  been  washed 
w  ith  a  foiution  of  potash. 

2.  Chlorine  gas,  added  to  the  gas  in  a  flask  of  black,  opaque 
glass,  absorbed  0.0G56  of  its  volume. 

3.  The  gas  contained  no  carbonic  oxide  gas. 

4.  It  likewise  contains  no  vapours  which  are  absorbable  by 
sulphuric  acid. 

5.  According  to  four  analyses  in  the  eudiometer,  which 
agree  very  nearly  with  one  another,  I  have  found  that  one  vo¬ 
lume  of  this  gas,  with  four  volumes  of  oxygen,  affords,  by  the 
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electric  spark,  an  absorjttion  of  1.9041,  anil  that  there  is  formed 
1.1131  volume  of  carbonic  acid  gas. 

Hence,  it  follows  that  this  gas  is  composed  of — 

C.'irburctted  hj'ilrog-en  gas,  .  .  .  0.7010 

Olefiant  gas, . 0.1(51 1 

Foreign  gas, .  0.0470 

1.0000 

It  is  very  probable  that  this  foreign  gas  is  nothing  else  l)ut 
nitrogen. 

The  previous  analyses  shew  that  the  intlammahle  pit-gases 
are  by  no  means  of  the  same  composition. 

My  analyses  agree  so  far  with  those  of  the  English  chemists, 
that  the  gases  examined  by  me  contained  carbonic  acid  gas 
and  nitrogen  in  variable  proportions,  but  no  carbonic  oxide  gas. 
My  analyses  differed  from  them  in  this  respect,  that  the  pre¬ 
sence  of  olefiant  gas  is  proved  as  well  by  chlorine  as  by  deto¬ 
nation  with  oxygen. 

The  question  arises,  Do  the  pit-gases  analyzed  by  the  Eng¬ 
lish  chemists  contain  no  oleffant  gas  whatever,  or  o  d  it  escape 
their  investigations  Without  in  the  least  wishing  to  throw 
doubt  on  the  accuracy  of  these  chemists,  I  must  at  the  same  time 
bear  in  remembrance  that,  since  these  investigations  were  car¬ 
ried  on  (a  period  of  about  twenty-ffv'e  years),  analytical  che¬ 
mistry,  and  more  especially  the  analysis  of  gaseous  subhtances, 
has  made  great  progress.  Sir  H.  Davy  says  that  pit-gas  does 
not  act  on  chlorine  in  the  cold  ;  but  he  does  not  say  that  he 
remarked  no  change  whatever  of  the  volume.  A  volume  of 
gas  requires,  according  to  him,  aboat  two  volumes  of  oxygen 
for  detonation  by  the  electric  spark,  and  about  one  volume  of 
carbonic  acid  gas  is  produced  ;  therefore,  neither  the  quantity 
of  oxygen  employed,  nor  the  quantity  of  carbonic  acid  gas  pro¬ 
duced,  was  accurately  determined.  It  can,  therefore,  well 
have  been  more  than  double  the  volume  of  oxygen  gas  which 
was  employed,  and  more  than  an  eijual  volume  of  carbonic  acid 
gas  which  was  produced ;  therefore,  the  pit-gas  analyzed  by 
Davy  may  also  have  contained  some  oleffant  gas. 

I  have  already  reraai’ked  above,  in  the  analysis  of  the  Wei- 
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lestveiler  pit-gas,  that  the  quantity  of  oleiiaut  gas,  when  calcu¬ 
lated  from  the  quantity  of  carbonic  acid  formed,  was  greater 
tlian  that  afforded  by  dh’ect  determination  by  means  of  chlo¬ 
rine.  The  same  was  the  case  in  the  analysis  of  both  the  other 
pit-gases. 

Professor  Johnston*,  when  communicating  an  account  of  his 
examination  of  a  fossil  wax  which  occurs  in  cavities  in  the 
coal-pit  of  Urpeth  near  \ewcastle-upon-Tyne,  and  which  bears 
a  great  resemblance  to  the  ozocerite,  or  ozokerit,  found  iii  large 
quantity  in  Moldavia,  proposes  the  hypothesis  that  that  sub¬ 
stance,  emitted  in  the  form  of  vapour  from  the  coal-strata,  and 
carried  along  by  the  lighter  gas  (tire  damp)  given  off  at  the 
surface,  was  partly  condensed  in  the  cavities  and  other  cooler 
jdaces  with  which  it  came  in  contact.  Since  there  are  so  many 
liydi’o-carbons  which,  for  the  most  part,  are  isomeric  with  ole- 
tiant  gas  (and  more  are  daily  discovered),  this  hypothesis  has 
some  probability.  But  it  is  very  improbable,  that  in  an  in- 
tiammable  gas,  such  inflammable  vapours  ever  occur,  as  are 
produced  by  the  decomposition  of  oil  and  other  similar  sub¬ 
stances  by  means  of  heat.  We  have  much  rather  reason  to 
suppose,  that  these  inflammable  gases  are  formed  in  the  same 
way  as  the  inflammable  gas  of  marshes. 

I  am  of  opinion  that  not  only  the  inflammable  vapours 
j>ointed  out  by  Faraday,  but  also  carbonic  oxide  gas,  are  pe¬ 
culiar  to  inflammable  gas  produced  by  heat.  If  these  com¬ 
ponent  parts  are  found  in  any  inflammable  gas,  we  may  con¬ 
clude  as  to  its  having  been  produced  by  heat ;  if  we  do  not 
find  them,  we  may  assume  that  the  inflammable  gas  has  been 
formed  in  the  same  manner  as  the  marsh-gas,  that  is,  in  the 
moist  way. 

E.rpi.'rimenfs  to  determine  the  limita  of  the  inflummahillty  of  the  in- 
flnmmahlc  pit-geises  mixed  vith  atmospheric  air. 

These  experiments  possess  a  practical  rather  than  a  theo¬ 
retical  interest,  inasmuch  as  they  shew  in  what  relations  the 
inflammable  gas  must  be  united  with  atmospheric  air  in  order 
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to  form  an  explosive  mixture.  The  experiments  are  attended 
with  some  difficulties.  It  is  necessary  to  pay  particular  at¬ 
tention  that  the  two  gases  are  as  intimately  united  with  each 
other  as  possible.  This  is  best  accomplished  by  first  admit¬ 
ting  the  atmospheric  air  and  then  the  inflammable  gas  into 
the  tube  (by  which  the  latter,  being  lighter,  is  forced  to  ascend 
through  the  former),  and  then  to  move  the  tube,  closed  by 
the  thumb,  several  times  up  and  down. 

The  determination  of  the  maximum  of  the  atmospheric  air 
is  more  ditficult  than  that  of  the  minimum  at  which  the  mix¬ 
ture  ceases  to  detonate.  If,  when  making  experiments  for 
the  purpose  of  finding  the  latter,  we  are  near  the  proportion 
in  w  hich  the  gaseous  mixture  ceases  to  be  detonating,  a  lively 
detonation  ensues  with  a  certain  proportion,  by  means  of 
the  electric  spark,  while,  on  the  other  hand,  not  the  slightest 
detonation  takes  place  w'Len  one  part  less  atmospheric  air  is 
added.  The  more  the  atmospheric  air  exceeds  that  mixture 
in  w^hich  the  strongest  explosion  occurs,  the  more  is  the  vio¬ 
lence  of  that  explosion  diminished.  Lastly,  it  comes  to  this, 
that  a  detonation,  it  is  true,  takes  place,  but  the  whole  quan¬ 
tity  of  the  inflammable  gas  is  no  longer  consumed  ;  for  the 
more  the  atmospheric  air  is  increased,  the  less  is  the  gas  di¬ 
minished  by  detonation. 

For  practical  purposes,  it  would  be  sufficient  to  know  the 
proportion  of  the  inflammable  gas  and  the  atmosjiheric  air  in 
which  the  detonation  takes  place,  without,  however,  being 
accompanied  by  destructive  consequences.  This,  however,  is 
not  to  be  ascertained  by  means  of  the  detonation-tubo.  There 
is  notiiing  else  left,  then,  but  the  determination  of  the  pro¬ 
portion  of  the  tw'o  gases  in  which  a  strong  electric  spark  still 
causes  a  diminution  of  volume.  This  will  be  the  proportion 
in  w'hicb,  though  a  detonation  nught  oecur  in  the  pit,  there 
would  be  no  danger  for  the  miners. 

The  follow'ing  are  th^  results  of  a  large  nund>er  of  experi¬ 
ments,  in  which  the  power  of  detonating  of  the  inflammable 
gas  from  the  JJ"  llesweilrr  Stnllen  (W),  and  from  the  .\rte.sian 
well  in  the  coal-pit  in  the  principality  of  Schaumburg  (S),  is 
determined  comparatively. 

1.  One  part  of  indammable  gas  from  \\.  did  not  detonate 
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with  sixteen  parts  of  atmospheric  air,  even  when  two  strong 
sparks  were  transmitted  from  the  Leyden  jar. 

2.  One  part  of  inflammable  gas  from  S.  detonated,  though 
feebly,  with  sixteen  parts  of  atmospheric  air. 

3.  When  these  experiments  w'ere  repeated  the  following 
day  with  the  gases  still  contained  in  the  bottles,  both  deto¬ 
nated  with  sixteen  times  the  quantity  of  atmospheric  air. 

4.  One  part  of  each  of  the  two  inflammable  gases  taken 
from  a  fresh  bottle,  detonated  with  sixteen  pai’ts  of  atmo¬ 
spheric  air. 

5.  One  part  of  inflammable  gas  from  W.  did  not  detonate 
with  seventeen  parts  of  atmospheric  air. 

6.  One  part  of  inflammable  gas  from  S.  still  detonated, 
though  very  feebly,  with  seventeen  parts  of  atmospheric  air. 

Perhaps  the  dissimilar  result  in  the  experiments  of  the  two 
days  was  caused  by  the  unequal  temperature  of  -he  water 
used  for  keeping  the  gases ;  for  on  the  second  day  it  was 
79°  F.,  and  on  the  first  only  70°. 

7.  One  part  of  each  of  the  inflammable  gases  detonated 
very  pow'erfully  with  seven  parts  of  atmospheric  air. 

8.  One  part  of  each  of  the  inflammable  gases  no  longer  de¬ 
tonated  with  six  parts  of  atmospheric  air. 

Notwithstanding  the  dissimilar  result  of  the  experiments 
1-6,  it  was  nevertheless  invariable  that  the  inflammable  gas 
from  S.  was  somewhat  more  easily  ignited  than  that  from  W., 
and  this  agrees  very  exactly  with  the  results  of  the  analysis. 

The  inflammable  gas  from  Gerhard’s  StoUen  ceases  to  form 
explosive  mixtures,  ^vhen  one  part  is  mixed  with  more  than 
ten  parts,  and  with  less  than  seven  parts,  of  atmospheric  air. 
This  also  agrees  with  the  chemical  analysis,  according  to 
which  15  per  cent,  of  nitrogen  is  contained  in  this  inflam¬ 
mable  gas. 

Principal  results  of  the  previous  investigations. 

1.  The  chief  component  part  of  inflammable  pit-gases  is 
carburetted  hydrogen  gas,  mixed  with  unequal  quantities  of 
olefiant  gas,  carbonic  acid  gas,  and  nitrogen.  The  similarity 
of  these  gases  to  marsh  gas  is  much  in  favour  of  their  being 
also  a  product  of  the  decomposition  of  organic  substances,  pro¬ 
bably  of  the  coal  itself. 
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2.  Atmospheric  iiir  can  form  no  part  of  these  gases,  at  least 
of  those  evolutions  which  issue  with  force  from  tissures.  The 
nitrogen,  therefore,  cannot  arise  from  atmospheric  air,  but  is 
doubtless  a  product  of  the  decomposition  of  organic  matter. 

3.  These  gases  contain  no  vapoury  hydro-carbons  which 
are  condensable  by  sulphuric  acid.  Several  phenomena,  how¬ 
ever,  seem  to  indicate  that  a  probably  still  unknown  com¬ 
pound  of  this  kind  may  be  present  in  extremely  small  quan¬ 
tities, 

4.  Potassium  is  not  adapted  for  the  quantitative  determina¬ 
tion  of  the  carbonic  oxide  gas  in  a  given  inflammable  gaseous 
mixture. 

5.  According  to  the  present  state  of  our  knowledge,  we 
have  no  other  mode  of  analyzing  a  mixture  consisting  of  se¬ 
veral  inflammable  gases,  except  by  chlorine,  the  determination 
of  the  specific  gravity,  and  detonation  ndth  oxygen,  or  burn¬ 
ing  with  oxide  of  copper. 

6.  Carburetted  hydrogen  gas,  contrary  to  what  has  hitherto 
been  believed,  cannot  be  perfectly  decomposed  either  by  red 
heat  or  by  a  great  number  of  electric  sparks. 

7.  By  red  heat  peculiar  hydro-carbons  are  formed  from 
pit-gas,  which  colour  sulphuric  acid  brown,  and  alcohol  yel¬ 
low.  A  compound  seems  also  to  be  formed  by  electricity, 
which  in  smell  resembles  turpentine-oil. 

8.  The  carbon  which  is  separated  by  the  decomposition  in 
a  red-hot  porcelain-tube  is  distinguished  by  its  very  beautiful 
metallic  lustre,  and  bears  a  great  resemblance  to  graphite. 
Hence  we  might  be  induced  to  conclude  that  many  of  the  in¬ 
stances  of  graphite  (occurring  in  fissures  in  crystalline  rocks 
have  been  produced  in  the  same  way,  viz.  by  carburetted 
hydi'ogen  passing  through  these  fissures  while  the  masses  were 
red  hot. 

9.  Carburetted  hydi’ogen  gas  detonates,  with  a  very  feeble 
report,  with  double  its  volume  of  chlorine  gas,  in  the  sun’s 
light,  by  which  carbon  is  deposited,  and  muriatic  acid  is 
formed.  If  the  light  of  the  sun  be  weakened  by  a  cloud,  the 
chlorine  acts,  it  is  true,  on  the  carburetted  hydrogen  gas,  but 
no  carbon  is  deposited.  But  in  this  case  the  residue  of  the 
gas  has  the  smell  of  turpentine. 
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10.  The  inflammahle  pit-yases  exhibit  a  very  different  de¬ 
gree  of  inflammability  when  mixed  with  atmospheric  air,  ac¬ 
cording  to  tlie  different  proportions  they  contain  of  nitrogen, 
carbonic  acid  gas,  and  olefiant  gas.  The  two  first  gases  di¬ 
minish,  the  last  increases  their  inflammability.  The  larger 
the  amount  of  atmospheric  air  with  which  they  can  be  mixed 
without  losing  their  detonating  power,  the  more  dangerous  are 
the  explosive  mixtures  formed  by  them  in  coal-mines. 


Observations  on  liecent  Earthquakes  on  the  JEest  Coast  of 
South  America  *  By  A1.\thie  H.vmilton,  Esi].,  formerly 
Surgeon  to  the  Potosi,  Paz,  and  Peruvian  Mining  Company, 
&c.  (Aonmunicated  l>y  th“  Author. 

Ti!e  west  coast  of  Soulli  America,  between  the  northern  frontier  of 
Peru  and  the  south  of  Chili,  includes  an  extent  of  territory  3(K)0  miles 
from  north  to  so'uh. 

Ifain  is  very  seldom  seen  on  the  coast  of  Peru,  which  is  a  desert,  with¬ 
out  water,  vetjetation,  and  inhabitants,  except  at  a  few  spots,  where  a  tor¬ 
rent  from  the  Andes  conveys  the  melted  snow  and  rain,  which  falls  in 
immense  quantity  on  those  sublime  heights  during  the  hotter  months  of 
the  year,  when  .almost  every  day  after  meriditin  a  tempest  of  lightning 
and  thunder,  with  r;iin,  hail,  or  snow,  is  experienced,  which  causes  the 
ravines  to  convey  a  flood  to  the  arid  plains  below,  which  in  some  places 
reaches  the  sea,  but  in  most  parts  is  lost  in  the  desert. 

Along  this  vast  extent  of  coast,  at  the  distance  of  ten  to  thirty  leagues 
from  the  Pjicific  Ocean,  the  mountains  of  the  western  Cordillera  rise  like 
an  enormous  rampart,  to  the  altitude  of  12,000  to  20,000  feet  above 
the  level  of  the  sea, — many  of  their  summits  arc  shrouded  in  perpetual 
snow,  glittering  under  the  sunbeams,  above  the  ordinary  region  of 
clouds  and  storms.  Those  mountains,  in  numerous  parts,  exhibit  evi¬ 
dence  of  volcanic  action,  now  dormant,  but  in  some  places  they  are  still 
in  operation,  giving  out  smoke,  and  occasion.ally  flame.  From  time  im¬ 
memorial,  this  portion  of  the  earth  has  been  subjeet  to  destructive  vol¬ 
canic  eruptions  and  dreadful  earthqu.akes.  I  will  notice  some  of  the  more 
recent  phenomena  which  have  come  under  our  immediate  observation, 
and  in  a  more  special  manner  the  terrible  earthquake  of  18th  September 
18.8.8,  which  shook  an  extent  of  country  equal  to  twice  that  of  Great  Bri¬ 
tain,  destroying  the  city  of  Tacna  and  other  places  in  Peru.  To  under¬ 
stand  more  clearly  what  follows,  I  briefly  notice  a  few  geographical  and 
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geological  facts  relative  to  Taena  and  the  surrounding  country.  Tacna, 
an  Indian  town  of  some  antiquity,  and  now  the  capital  of  the  province  of 
the  same  name,  is  situated  about  1 8  degrees  south  latitude,  and  stands 
in  the  desert,  about  midway  between  the  mountains  and  the  sea.  It  is 
NE.,  and  fortj'  miles  from  the  sea-port  town  of  Arica.  The  desert  at 
this  part  of  the  coast  is  about  fifty  miles  wide  between  the  Andes  and 
the  sea,  so  that  Taena  is  twenty-five  miles  from  the  Pacific  Ocean,  and  as 
has  been  ascertained  by  the  barometer,  is  elevated  1400  feet  above  it ; 
the  desert  there  from  the  sea  to  the  mountains  is  an  inclined  plain. 

may  be  said  that  there  is  no  rain  at  Taena,  though  at  night,  during 
winter,  i.  e.  June,  July,  and  August,  there  are  some  drizzling  showers,  or 
what  we  may  call  Scotch  mist.  The  place  is  supplied  with  water  for  all 
purposes  by  a  stream  which  issues  from  a  ravine  on  the  Andes;  no  part 
of  this  stream  reaches  the  sea ;  the  irrigation  of  the  cultivated  ground 
about  Taena  takes  so  mueh  of  the  water,  the  remainder  is  evaporated  or 
absorbed  by  the  desert. 

The  climate  of  Taena  is  delightful,  the  mean  annual  temperature  is 
about  ()4°  Fahrenheit;  the  proximity  of  the  snow-capped  Andes  on  the 
one  hand,  and  the  ocean  and  trade-wind  on  the  other,  is  the  cause  of  the 
moderate  heat. 

The  mountain  of  Tacora  is  due  east  from  Taena,  its  summit  is  a  trun¬ 
cated  cone,  and  appears  to  be  of  volcanic  formation  ;  it  is  covered  with 
snow,  and  elevated  18,000  feet  above  the  ocean. 

The  citj'  of  Taena  consists  of  three  streets,  vhich  are  about  a  mile 
long,  and  parallel  to  one  another;  they  are  crossed  at  right  angles  by  six 
or  seven  other  streets,  thus  dividing  the  town  into  a  number  of  parallelo¬ 
grams, — at  the  lower  extremitj’  of  the  town,  that  nearest  the  sea,  the 
cathedral,  a  large  edifice,  is,  or  rather  was,  to  be  seen.  Prior  to  the 
earthquake  of  18.33,  the  best  houses  were  built  with  adovies,  i.  e.  very 
large  flat  bricks,  merely  dried  in  the  sun  ;  a  house  so  constructed  is  well 
adapted  to  withstand  an  ordinary  earthquake.  About  fifteen  miles  above 
the  town,  and  half  a  mile  from  the  bank  of  the  river,  there  is  a  copious 
spring  of  hot  sulpiiureous  water;  its  tenqierature  is  06’  Fahrenheit.  The 
country  in  the  vicinity  of  Taena  .seems  to  be  of  volcanic  origin,  trachj’te 
^bounding  in  the  district, — at  some  parts  of  the  desert  between  Taena 
and  Arica  a  hollow  sound  is  produced  by  the  tread  of  a  horse  or  mule. 
At  Santa  Rosa  de  Chaca,  a  short  distance  south  of  Arica,  grey  copper-ore 
is  found  in  abundance,  and  in  the  Quebrada  de  Achi  pyritietd  copper-ore 
is  obtained. 

I  ver3'  briefly  notice  some  of  the  other  places  which  were  affected  by 
the  earthquakes  of  1831-3,  it  may  illustrsite  the  power  of  the  agent  which 
operates  in  such  an  astounding  manner  as  we  have  experienced  in  these 
convulsions.  Across  the  Andes,  300  miles  from  Arica,  is  the  city  of  La 
Paz,  about  150  miles  from  it  towards  the  south  is  the  city  of  Oruro,  and 
seventy  miles  east  from  it,  and  iu  about  the  same  latitude,  is  the  large 
city  of  Cochabamba ;  200  miles  from  Oruro,  in  a  SE.  direction,  is  the  fa- 
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mous  city  of  Potosi^  which  stands  on  the  intenu  l  or  grand  Cordillera  of 
the  Andes  in  Upper  Peru  ;  about  100  miles  E.  by  N.  from  Potosi  is  the 
city  of  La  Plata,  or,  giving  its  Indian  name,  Chuquisaca,  which  is  the 
capital  of  Bolivia.  All  these  towns  arc  so  far  above  the  level  of  the  sea 
as  to  seem  incredible  to  some  persons,  who  have  not  sufficiently  con¬ 
sidered  the  inequalities  of  the  earth’s  surface. 

The  city  of  La  Paz,  though  built  at  the  bottom  of  a  deep  vallev',  yet 
is  elevated  12,000  feet  above  the  sea  ;  Oruro  is  12,400 ;  Cochabamba  is 
10,000 ;  Chuquisaca,  which  stands  on  the  eastern  extremity  of  the  lateral 
chain  of  the  main  Cordillera  of  the  Andes,  is  9000  feet ;  and  the  parade 
ground  in  Potosi,  where  1  have  seen  troops  reviewed,  is  13,500  feet  above 
the  level  of  the  ocean. 

Along  the  coast,  300  miles  NW.  from  Arica,  is  the  city  of  Arequipa; 
it  stands  on  the  western  slope  of  the  Andes  of  the  coast,  at  the  altitude 
of  about  7000  feet  above  the  sea-level.  It  has  now  40,000  people,  and 
is  very  well  built ;  the  best  houses  and  public  edifices  are  constructed 
with  large  blocks  of  pumice-stone,  which  is  not  unlike  grey  granite  ; 
man}’  of  J;hc  roofs  are  arched  with  the  same  sort  of  stone,  as  the  arch 
sustains  better  than  any  other  kind  of  roof  shocks  of  earthquakes,  of 
which  the  people  there  live  in  continual  fear,  for,  since  the  foundation  of 
Arequipa  in  154'J,  it  has  been  five  times  totally  destroyed  by  earthquakes, 
the  last  of  which  happened  in  1784.  Behind  the  city,  its  celebrated  vol¬ 
cano  rises  17,0O0  feet  above  the  ocean,  its  arid  summit  unlike  the  snow¬ 
capped  peaks  of  the  Andes  in  the  immediate  vicinity.  This  volcano  is 
said  to  be  the  most  perfect  specimen  of  a  natural  cone  of  such  magnitude 
yet  discovered  on  the  earth  ;  it  sides  are  covered  with  dark  coloured  sand 
or  ashes,  which  towards  the  higher  region  is  loose  and  deep. 

On  the  road  through  the  desert  from  Tacna  to  Arequipa,  between  Lo- 
quimbo  and  lloquegua,  numerous  marine  shells  are  seen  in  the  sand,  at 
a  distance  from  and  above  the  sea.  They  aie  similar  to  those  which  at 
present  are  found  on  that  coast  within  the  tide  limits,  thus  indicating 
that,  at  no  very  remote  epoch,  there  has  been  in  that  locality  either  an 
elevation  of  the  land,  or  a  subsidence  of  the  waters  of  the  ocean.  At 
Tacna,  prior  to  the  great  earthquake  of  1831,  every  shock  was  preceded 
by  a  subterranean  noise  ;  but  this  warning  has  been  seldom  if  ever  heard 
since  8th  October  1831.  Formerly  people  had  time  to  run  from  their 
houses  to  some  open  place  between  the  commencement  of  the  noise^and 
the  shock.  This  subterrane.m  noise  was  not  unlike  that  of  thunder,  as 
it  is  heard  when  rolling  among  the  valleys  of  the  Andes,  far  below  places 
where  the  traveller  has  to  traverse  those  mountains. 

Having  Lizard  it  alleged,  that,  at  Tacna,  a  person  with  his  ear  to  the 
ground  might  occasionally  hear  subterranean  sounds,  as  of  heavy  bodies 
falling,  I  tried  the  experiment,  and  frequently  lay  down  on  a  mat ;  the 
result  w.as,  that  subterranean  sounds  were  at  times  heard,  as  if  some  pon¬ 
derous  body  had  fallen  in  a  cavity,  hut  which  I  suppose  were  only  slight 
convulsions  of  the  same  nature  as  those  which  at  times  are  so  loud  and 
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destructive.  The  number  of  eartliriuakes  felt  at  Tacna  between  1826  and 
1836  was  very  more  than  loO  smart  shocks  bavin"  been  felt  within 

a  few  weeks  subsequent  to  the  great  earthquake  of  1831.  That  convul¬ 
sion  extended  over  an  immense  space  on  sea  and  land,  it  having  been  felt 
both  at  !i  great  distance  on  the  ocean,  and  also  at  Potosi  and  Chuquisaca.’^ 

When  ill  Potosi  in  1827, 1  made  in(]uiry  on  the  subject  of  earthquakes, 
and  learned  that,  since  the  foundation  of  that  city  in  lo4.1,  they  had  been 
quite  unknown  there.  The  earthquake  of  1831  reduced  the  sea-port 
town  of  Arica  to  a  mass  of  rubbish,  while  'I’aena,  as  on  former  similar  oc¬ 
casions,  escaped.  Arica  has  been  totally  destroyed  by  earthquakes  five 
or  six  times  since  it  was  first  visited  by  the  Spaniards  300  years  ago : 
but,  before  1833,  the  people  there  supposed  that  Tacna  could  not  be  af¬ 
fected  in  the  same  calainitous  manner.  A  stranger,  when  first  residing  in 
that  region,  is  surprised  by  freiiuent  and  novel  concerts  ;  the  ]>riiteipal 
performers  being  dogs  and  donkeys,  of  which  animals  there  are  hundreds 
in  and  about  Tacna.  They  howl  most  disimdly  whenever  a  slight  earth¬ 
quake  occurs  ;  and  so  sensitive  are  these  creatures  in  this  matter,  that 
their  announcement,  and  the  tolling  of  the  church-bell,  is  often  the  only 
intimation  of  the  shock  given  to  tliose  persons  not  experienced  in  such 
accidents. 

We  will  not  aelvert  to  all  the  reporteel  ominous  ajipearanccs  which,  it 
was  .said,  were  seen  or  heard  prior  to  the  great  convulsion  ;  only  that  tho 
people  in  a  vessel  from  the  United  States  ileclared  that,  on  the  evening 
before  the  earthquake  of  1833,  when  they  were  above  100  miles  from  the 
coast  of  Peru,  they  saw  a  ball  of  fire  in  the  air ;  that  it  was  as  large  as  the 
full  moon,  and  that,  after  several  minutes,  it  burst  into  pieces,  and  fell  in 
the  sea. 

1  will  state  what  came  under  my  observation.  On  ilonday  the  16th 
September,  one  hour  after  sunset,  Tacna  was  shaken  by  a  single  exjdo- 
sion.  There  was  not  an}'  subterranean  noise,  either  before  or  after  this 
single  loud  report,  which,  at  the  same  instant,  was  accompanied  by  an 
upward  movement  of  the  ground.  The  night  was  very  dark,  the  atmo¬ 
sphere  being  still  and  dense  ;  at  that  time,  there  was  not  a  barometer  in 
Tacna.  Next  day  was  dull,  and  more  lowering  than  usual ;  the  evening 
■was  like  the  preceding,  with  a  very  thick  atmosphere.  The  earthquake 
bt.'gaii,  without  any  previous  noise  or  warning,  at  six  o’clock  morning, 
18th  September  1833.  I  had  the  first  intimation  of  it  from  the  violent 
movement  of  a  stout  iron  bedstead,  and  the  shrieks  of  the  people  in  the 
adjoining  houses.  The  movement  of  the  earih  was  at  first  verticid,  or  up 
and  down,  with  oscillations,  or  lateral  motion  ;  then  the  movement  was 
in  undulations,  like  water  when  agitated  into  waves,  Imt  still  accompa¬ 
nied  with  lateral,  oscillatory  motion.  The  movement  of  the  earth  was 
terrible,  and  the  subteriviiu  an  noise  was  horrific  ;  .'iiid  these,  combined 
with  the  falling  of  houses  all  around,  the  continued  lamentation  oi  the 
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people,  and  the  howling  of  animals,  made  a  confusion  of  sounds  inde¬ 
scribable.  The  convulsive  hcaviiigs  of  the  ground  ^seemed  to  have  at¬ 
tained  their  utmost  force,  when  suddenly,  as  if  the  eartli  had  been  strug¬ 
gling  to  get  rid  of  some  mighty  load,  a  more  severe  shock  was  felt,  which 
was  coinplic.'ited  in  its  movement,  being  upward  and  lateral.  It  finished 
the  work  of  ruin  in  the  town  by  throwing  down  the  cathedral  on  the  con¬ 
gregation,  who  were  in  it  as  usual  at  that  early  hour. 

This  terrible  earthquake  lasted  about  one  minute,  after  which  a  tremu¬ 
lous  motion  of  the  ground  was  felt,  and  numerous  gentle  shocks,  which 
continued  many  da^s. 

The  town  presented  a  dismal  spectacle  :  whole  ranges  of  houses  were 
in  ruins,  and  many  others  were  hanging  over  from  the  peri»cndicul;;r,  aiid 
twisted  in  a  singular  manner ;  these  were  speedily  pulled  down  by  a  regi¬ 
ment  of  dragoons  then  at  Tacna.  Many  scenes  of  misery  were  seen  on 
that  eventful  morning :  some  houses  were  in  ruins,  burying  their  inmates, 
where,  only  a  few  hours  before,  joyous  circles  of  luqipy  beings  were  mov¬ 
ing  in  the  giddy  throng,  to  the  animating  sounds  of  the  guitar.  All  the 
congregation  in  the  church  perished :  not  one  escaped,  but  none  of  the 
officiating  priests  were  injured  ; — the  worshippers,  who  were  all  females, 
were  killed  by  the  roof  .and  walls  falling  on  them  while  they  were  attempt¬ 
ing  to  run  from  the  church  ;  but  the  priests  stood  still  under  an  arch,  and 
were  saved.  I  now  advert  to  some  of  the  other  effects  of  this  earthquake. 
Rain  began  to  fall  at  Tacna  at  the  moment  of  convulsion.  Vv'c  had  what 
may  be  called  a  wet  season  ;  for,  during  a  i)eriod  of  six  weeks  after  the 
great  shock,  more  or  less  rain  fell  almost  every  day.  In  the  first  week  of 
October  I  was  at  Arica,  and  experienced  a  tlelugc  of  rain  such  as  had  not 
been  seen  there  before  by  persons  who  had  lived  there  more  than  half  a 
century*.  An  hour  after  the  earthquake,  a  well  regulated  tlicrniometer  in 
mv’  house  (which  was  not  totally  thrown  down)  shewed  the  temperature 
as  low  ;is  I  ever  saw  it  at  T.acna, — it  was  511  Fahr.  Four  hours  after 
the  great  shock,  at  10  a.m.,  a  very  strong  gust  of  wiinl  and  a  whirlwind 
were  seen  carrying  pillars  of  sand  across  the  desert  between  Tacna  and 
the  sea,  the  niovement  being  towards  the  ocean. 

The  earthquake  affected  different  parts  of  Tacna  with  various  degrees 
of  destructive  force.  It  has  been  noticed  that  the  town  is  divided  into  a 
number  of  sections  :  in  some  of  these  almost  every  house  was  demolished, 
while  in  other  portions  much  less  dam.agc  was  done.  The  lower  divi¬ 
sions  near  the  church  were  all  but  totally  destroyed,  but  some  of  those 
situated  higher  sustained  far  less  injury. 

The  village  of  Casa  Blanca,  between  Tacna  and  the  Andes,  was  over¬ 
thrown  in  an  extr.iordiiiar^-  manner :  the  adovies,  with  which  the  houses 
there  had  been  built,  were  scattered  by  the  oscillatory  movements  of  the 
earth,  as  if  the3’  had  been  laid  down  in  detail  bv’  human  agency. 

A  new  unfinished  wall,  near  the  cathedral,  was  not  overturned,  but 
it  was  split  longitudinallj'  .and  perpendicularl}',  presenting  a  fissure  an 
inch  wide. 


158  Mr  Hamilton’s  Observations  on  recent  Earthquakes 

The  river  which  supplies  Tacua  w'itli  water  was  not  obstructed  in  its 
channel ;  but  streams  at  other  places  had  their  courses  changed,  and  one 
was  noted  tis  altogether  lost  subtcrrancously.  Towards  the  south,  along 
the  coast,  the  earthquake  extended  many  hundred  miles  to  the  desert  of 
Atacama.  At  Luto,  forty  miles  from  Tacna,  and  near  tlm  base  of  the 
Andes,  fissures  were  made  in  the  ground,  whence  issued  a  dark- coloured 
fluid.  In  the  province  of  Tarapaca, — where  nitrate  of  soda  is  now  ob¬ 
tained — villages  were  overthrown  and  gaps  made  in  the  ground.  An  In¬ 
dian  village,  which  stood  in  a  ravine  on  the  Andes,  was  buried  out  of 
sight  with  its  inhabiUints,  the  mountains  closing  over  it.  Towards  the 
north,  the  nearest  habitation  to  Tacna  is  the  village  of  Samo,  distant  30 
miles,  and  the  next  is  Loqmnbo,  60  miles,  both  of  which  were  destroyed. 
The  next  town  is  Moqucgua,  120  miles  ;  it  has  a  population  of  10,000, 
who  suffered  severely  from  damage  to  houses  ;  and  also  great  loss  sus¬ 
tained  by  the  destruction  of  wine  and  brandy,  both  of  which  are  pro¬ 
duced  there  in  vast  quantity. 

This  earthquake  was  felt  at  places  farther  north  than  Arequipa,  which 
city,  distant  90  miles  from  the  sea,  was  much  shaken  ;  but  little  damage 
was  done.  In  Upper  Peru,  the  effects  of  this  earthquake  may  be  seen  on 
the  loft}-  peaks  of  the  Andes.  The  church  in  the  village  of  Tacora  was 
thrown  down  by  the  convulsion  :  it  is  a  small  Indian  village,  15,000  feet 
above  the  sea.  The  city  of  La  Paz  was  shaken  in  a  manner  never  before 
experienced,  and  also  the  other  places  in  Upper  Peru  before  mentioned. 

After  the  calamity,  when  the  atmosphere  became  clear,  tiie  Andes,  as 
seen  from  Tacna,  presented  a  novel  spectacle.  Those  mountains,  in 
many  parts,  appeared  with  a  new  surface :  large  portions  had  been 
thrown  off,  or  had  slid  down  into  valleys  or  ravines  below,  leaving  some 
of  the  more  elevated  peaks  denuded  of  what  had  been  their  more  promi¬ 
nent  limbs ;  large  masses  of  snow  also  were  detached  from  the  higher 
pinnacles.  As  to  the  size  of  the  masses  of  rocks  or  earth  which  were  de¬ 
tached  from  the  Andes  by  this  earthquake,  I  will  only  state,  that  ilr 
Scott,  engineer,  had  been  employed  during  some  years  prior  to  this  earth¬ 
quake  by  a  joint-stock  company  in  Tacna,  whose  object  was  to  make  a 
Canal  in  that  lofty  region,  and  carry  a  river  from  it  over  the  crest  of  the 
Andes,  to  fertilize  a  portion  of  the  desert  in  the  vicinity  of  Tacn.a.  These 
operations  could  be  carried  on  during  a  part  of  the  year  only ;  for  the 
months  between  November  and  April  are  so  tempestuous  on  those  moun¬ 
tains  as  to  p  event  the  work,  but  September  is  the  best  month  in  the  year 
for  cui  lng  the  canal.  In  these  circuinstanccs,  Jlr  Scott  was  at  Oci  o- 
zumo,  14,000  feet  above  the  sea,  .and  saw  the  rare  phenomena  there  pre¬ 
sented  to  his  view.  He  stated,  that  the  motion  of  the  ground  in  that  ele¬ 
vated  region  was  terrific,  and  that  the  noise,  which  was  simultaneous  with 
the  convulsion,  was  peculiar,  being  as  if  an  immense  quantity  of  porcelain 
had  been  elevated  in  the  air,  and  let  fall  so  as  to  break  it  in  pieces.  It 
was  also  stated,  that,  within  the  range  of  his  telescope,  masses  were 
thrown  off  from  the  mountains,  one  of  which  left  a  space  whence  the  rup- 
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tured  mass  was  detached  as  large  as  the  Plaza  of  Tacna,  which  is  as  large 
as  Saint  Enoch  Square,  Glasgow.  From  what  has  been  stated,  it  may  be 
inferred  that,  within  the  last  few  years,  an  important  subterranean  change 
has  happened  beneath  Tacna  and  surrounding  country  ;  also,  that  if  the 
agent  or  moving  power  of  the  earthquake  of  18S3  acted  throughout  on 
the  same  level,  it  was  in  operation  at  an  enormous  depth  below  the 
earth’s  surface.  We  have  the  testimony  of  some  who  were  on  the  ocean 
above  100  miles  from  the  coast  of  Peru,  where  the  sea  is  very  deep  ;  and 
besides  our  experience  at  Tacmi,  which  is  1400  feet  above  the  Pacific,  we 
have  evidence  of  the  destructive  eflTects  of  the  convulsion  in  U  pper  Peru, 
at  above  three  English  miles  perpendicular  height  above  the  surface 
of  the  ocean.  Tlic  subterranean  movement  on  18th  September  1833  ap¬ 
peared  to  be  from  north  to  south,  with  undulations.  That  of  the  year 
following  was  very  diflerent:  it  occurred  at  8  o’clock  p.m.,  on  21st  Sep¬ 
tember  1834.  VV  hen  the  earthquake  began,  I  was  in  an  apartment  con¬ 
structed  of  wood,  and  remained  within  doors  till  the  great  shock  had 
passed.  The  movement  during  this  convulsion  was  altogether  vertical, 
or  up  and  down.  Judging  from  the  evolutions  of  the  furniture,  there 
were  two  upward  movements  ever}’  second  ;  the  shock  lasted  half  a  mi¬ 
nute,  and  the  subterranean  noise,  which  was  simultaneous  with  the  mo¬ 
tion,  was  like  the  discharge  of  a  number  of  cannons,  as  heard  a  few  hun¬ 
dred  paces  off.  On  the  20th  of  January  1834,  the  district  of  New  Gre¬ 
nada  was  desolated  by  a  terribly  fatal  earthquake.  It  happened  at  7 
o’clock  A.M.,  when  the  cities  of  Popoyan,  Pasto,  and  other  towns,  were 
totally  overthrown,  and  many  thousands  of  the  population  perished  in 
the  catastrophe.  On  th.at  morning,  so  violent  was  the  motion  of  the  earth, 
that  large  masses  of  rocks  were  not  only  moved  from  their  sites,  but  were 
thrown  tr>  a  distance,  as  if  discharged  by  means  of  gunpowder. 

In  the  following  year,  a  large  portion  of  the  south-west  coast  of  Ame¬ 
rica  was  the  scene  of  a  dreadfully  destructive  earthquake,  which  occurred 
on  the  5th  February  1835,  when  the  south  of  Chili  was  overwhelmed  hy 
a  convulsion  which  destroyed  about  forty  towns  and  villages.  The  south 
of  Chili  is  a  fine  verdant  country,  with  a  salubrious  climate ;  but  it  is 
subject  to  dreadful  earthquakes.  In  that  of  18.35,  the  seaport  town  of 
Conception  was  completely  destroyed,  and  also  Talcacnanha,  the  capital 
of  the  province.  On  this  occasion,  the  sea  retired  several  times  to  a  great 
distance,  and  returned  again  in  immense  billows.  It  is  believed  that,  by 
this  earthquake,  banks  were  thrown  up  at  various  parts  along  the  coast 
of  Chili,  and  that  shoals  were  created  where  formerly  was  deep  water ; 
also,  that  a  man-of-war,  which  was  lost  on  the  southern  coast  of  C^  ili  a 
few  months  after  the  earthquake,  struck  on  a  bank  so  created. 

It  is  probable  that  there  is  a  vast  cavity  below  the  surface  of  that  por¬ 
tion  of  Peru  which  we  have  been  considering,  which  cavity  contains  the 
chief  agents  of  convulsion ;  also,  that,  at  the  moment  of  convulsion,  the 
earth’s  surface  is  strongly  charged  with  electricity. 
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those  of  Switzerland  and  Norwag.  By  C.  Martens,  M.D.  , 

Member  of  the  Northern  Commission.* 

Si’iTz BERGEN  is  a  large  island  lying  between  76°  30',  and 
80°  30'  north  latitude,  and  from  8°  to  21°  longitude  east  from 
Paris.  Its  western  side  is  broken  by  a  great  number  of  deep 
bays,  such  as  Horn  Sound,  Ice  Sound,  the  bays  of  Croix,  Ham¬ 
burgh,  and  Madelaino.  The  shore  is  no  where  flat ;  in  every 
direction  conical  mountains  rise  abruiJtlv  from  the  sea,  attain¬ 
ing  a  medium  height,  which  varies  from  500  to  1200  metres. 
These  mountains  are  separated  by  narrow  valleys,  the  greater 
part  of  which  open  towards  the  sea.  All  of  them,  without 
exception,  are  occupied  by  glaciers  which  communicate  with 

*  Bibliothoque  Universolle  do  Geneve,  Tome  xxviii.  No.  ’ut,  p.  139.  Wo 
beg  leave  to  refer  our  readers  to  tbe  following  memoirs  relating  to  glaciers, 
arrraiged  chronologically,  wliicli  have  appeared  in  tbe  Edinburgh  I’hiloso- 
phical  .Jounuil  and  in  the  Edinburgh  New  I’hilosophical  Jonn-.al  : — h'lh'n- 
biinjli  I’hiloS'jjtlii'tal  Journal,  vol.  i.  p.  121,  Seoresby’s  Narraiive  of  an  Ex¬ 
cursion  upon  the  Island  of  Jan  Mayen  ;  p.  187.  Account  of  the  Forma¬ 
tion  of  the  I.ako  of  Jlauvoisin,  by  the  Descent  of  a  Glacier,  and  of  the  In¬ 
undations  of  the  Val  de  15a  ;nes  in  1595  and  1818;  vol.  iii.  p.  274,  M.  Ve- 
netz's  Account  of  the  Descent  of  the  Glacier  of  the  Weisshom.  on  the  27th 
December  1819,  and  the  Destruction  of  the  Village  of  Randa.  EJinlntrah 
Xi'w  IViihifiij.liiral  Journal,  vol.  ii.  p.  8(i,  Dr  I.atta’s  Observations  on  the 
Arctic  Sea  and  Ice;  p.  1(»7.  Professor  Esmark’s  Remarks,  tending  to  ex¬ 
plain  the  Geological  History  of  the  Earth  :  p.  255,  M.  Rohr’s  Account  of  a 
Visit  to  the  Glaciers  of  the  Justedal ;  p.  382,  Mr  Seoresby's  Remarks  on  Dr 
Latta’s  Observations  on  the  Arctic  Sea  and  Ice.  Vol.  iii.  p.  91,  Dr  Latta’s 
Observations  on  the  Glaciers  .and  Climate  of  Spitzbergen.  Vol.  x.  p.  332, 
Professor  llugi’s  Observations  on  the  Glaciers  of  the  Alps.  Vol.  xi.  p.  74, 
Continuation  of  same  article.  Vol.  xxi.  j).  210,  M.  Charpentier’s  Account 
of  one  of  the  most  important  results  of  the  Investigations  of  M.  Venetz  re¬ 
garding  the  present  and  earlier  condition  of  the  Glaciers  of  the  Valais. 
Vol.  xxiii.  p.  340,  Prof 'ssor  Bischof  on  Glaciers.  Vol.  xxiv.  p.  158,  Pro¬ 
fessor  Bischof  on  Glaciers  ;  p.  304,  Professor  Agassiz  on  Glaciers,  Moraines, 
and  erratic  blocks.  Vol.  xxv.  p.  314,  M.  Elie  de  Beaumont  on  the  Gliiciers 
of  Spitzbergen.  Vol.  xxvii.  p.  383,  Professor  Agassiz's  Observaiion.s  on 
Glacier.s.  Vol.  xxviii.  p.  1.5,  M.  Andre  de  Luc  on  the  Glach'rs  of  the  Alps. 
Vol.  xxix.  ji.  184.  Notice  of  the  Tour  of  I’rofessor  Agassiz  to'the  Swiss 
Glaciers  in  1839  ;  p.  274,  M.  Studer  on  some  Phenomena  of  the  Diluvi.in 
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those  in  the  interior  of  the  country.  I’he  accounts  of  voyagers 
who  have  visited  these  latitudes,  such  as  those  of  Martens  of 
Hamburg,  Phipps,* * * §  Scorcsby,t  Parry. J  Latta,§  and  Keilhau,|l 
are  ipiitc  at  one  in  regard  to  this  matter.  During  the  two 
voyages  of  the  Recherche,  in  1838  and  1839,  I  had  an  op- 
{)ortunity  of  studying  the  glaciers  of  Bell  Sound,  Magdalena 
Bay,  and  the  seven  icehills  which  lie  to  the  north  of  Prince 
Charles’s  Island.  Their  appearance  strongly  reminded  me  of 
those  of  Switzerland  and  Savoy,  which  I  had  visited  in  four 
successive  journeys.  It  has  appeared  to  me  that  the  compa¬ 
rison  of  glaciers  situated  in  countries  so  different,  and  in  lati¬ 
tudes  so  remote,  would  not  be  void  of  interest  to  geologists, 
and  would  help  to  solve  some  of  the  questions  which  M.  K. 
de  Beaumont  has  put  to  us  in  his  excellent  instructions.^ 

At  Bell  Sound,  in  the  Bay  Recherche,  there  were  two  gla¬ 
ciers  ;  one  of  smaller  size,  on  the  west,  which  we  shall  call  the 
glacier  de  la  pointe  aax  renards ;  the  other  to  the  south,  which 
W'e  shall  designate  the  |)rincipal  glacier  or  Great  glacier 
of  Hell  Somal.  At  Magdalena  Bay,  wo  remark  on  the  right 
as  we  enter,  that  is  to  say  on  the  south,  two  glaciers,  that  of 
the  Hn/rCe,  and  that  of  the  Pointe  aax  tombeaux,  then  the  gla¬ 
cier  dn  fond  de  la  baie,  on  which  the  greater  number  of  obser¬ 
vations  have  been  made.  There  are  still  two  others,  one  to 
the  north,  the  other  to  the  south,  but  they  were  of  small  size, 
and  did  not  descend  to  the  sea  ;  to  these  we  shall  seldom  refer. 

Extent.  According  to  Scoresby,**  the  two  largest  glaciers  of 
the  island  are  that  of  the  South  Cape  and  another  to  the  north 
of  Horn  Sound.  The  portion  bordering  on  the  sea  coast  is 
eleven  miles  long.tf  Then  come  the  seven  glaciers,  which,  on 
an  average,  may  be  each  two  miles,  since  they  extend,  in  a 

*  Pliin  of  Faiiliavcn,  with  the  island  adjacent;  in  a  voyage  towards  the 
North  I’olc.  J773. 

t  An  Account  of  the  Arctic  Regions,  Ut20,  vol.  i.  p.  94. 

J  An  Attempt  to  ronch  the  North  Pole.  See  the  chart  of  the  northern 
part  of  Spitzhergen. 

§  On  the  Glaciers  of  Spitz1)ergea  ;  Jameson’s  Edinburgh  New  Philoso¬ 
phical  Journal,  vol.  iii.  p.  91. 

II  Reise  i  Oest  og  Vest-Pinmarken,  loHl,  p.  135. 

^  Voyage  en  Islamic  et  an  Groenland  de  la  corvette  La  Hecfurche,t.  i.  p. 
421. 

**  L,  c.  t.  1.  p.  102.  ft  1  mile  =  1852  metres. 

VOL.  XXX.  NO.  LIX. - J.VNL'ARY  1841.  L 
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line  north  and  south,  from  79°  13'  to  79°  26'  of  latitude  :*  at 
a  distance,  their  form  is  that  of  so  many  isosceles  triangles. 
Their  length  in  general  is  not  proportionate  to  their  breadth. 
According  to  the  measurement  (d‘  the  officers  of  the  Recherche, 
the  longest  of  them  all,  the  [irinciiial  glacier  of  Bell  Sound 
was  about  ten  miles  in  length  by  three  and  a  third  in  breadth  ; 
that  of  Pointe  aux  renards  tliree  miles  long  by  one  and  a 
quarter  in  breadth.  The  glacier  at  the  bottom  of  Magdalena 
Bay  was  IHIO  metres  in  length  by  1580  metres  in  breadth  at 
the  sea-shore ;  that  of  Pointe  aux  tombeaux  loOO  metres  broad  ; 
the  glacier  of  the  entry  1810  metres  long  by  900  broad  ;  hnally, 
the  smallest  of  them  all,  wliicli  commanded  the  anchorage  of 
the  corvette,  was  240  metres  broad  and  (»80  long. 

The  great  glaciers  of  Switzerland  or  of  Savoy,  on  the  con¬ 
trary,  are  much  longer  than  broad.  That  of  Bois,  in  the  val¬ 
ley  of  Chamouni,  extends  to  nearly  hve  leagues  without  any 
interruj)tion,  while  its  breadth  never  exceeds  one  league. t 
According  to  the  trigonometrical  measurements  of  Hugi,+  the 
great  glacier  of  Alctsch  is  seven  leagues  long,  with  an  average 
bi’cadtli  of  a  league  and  a  half;  that  of  C)ber- Aar  four  leagues 
by  one  ;  that  of  I  iiter-Aar  iive  by  one  and  a  quarter.  'I'iiis 
difference  between  the  glaciers  of  the  two  countries  is  easily 
explained.  Although  tho.-e  of  Si)itzbergen  descend  to  the  sea, 
the  mountains  on  which  they  rest  are  i>roportioually  very  low. 
In  Switzerland,  the  mountains  arc  higher  and  the  valleys 
longer.  Suppose  that  one  or  other  of  these  circumstances 
should  exist  in  Spitzbergen,  w  e  would  have  seas  of  ice  the 
length  of  whicli  would  greatly  exceed  that  of  the  most  exten¬ 
sive  glaciers  of  Switzerland  and  Savoy,  for  they  would  descend 
to  the  sea,  while  tl:e  lower  extremities  of  the  least  elevated 
glaciers  in  the  last-mentioned  countries,  those  of  (jrindelw'ald,§ 
Bossons-ll  Brenva,* * §  and  Alctsch,**  have  a  medium  height  of 
1230  metres  above  its  level. 


*  1  mile  =  18'i2  metres.  Appeniiix,  p.  74. 

t  De  Saassure,  Voyiige  dans  les  Alpes,  §  o22. 

J  Naturliistorisclie  Alponreisen.  (See  tlic  map.) 

§  Lower  (ilacier  metres,  upper  Glacier  1209  metres,  t'fh'pi.) 

11  lll.'i  metres.  Barometrical  iiiea.surement  of  llie  author. 

•i  1847  metres,  l  ischer  do  la  Linth  in  .\lph.  ile  Oaiidolle ;  ihjpsoim'trie 
fru’iriyns  </*■  Otuhr.  p.  .01. 

**  lain  metros.  Ilugi,  1.  c.  Tab.  iii. 
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The  height  of  the  inferior  glaciers  above  the  sea  depends  on 
two  principal  causes  :  the  geographical  position  and  elevation 
of  the  mountains  from  whence  they  proceed.  This  is  proved 
by  the  following  facts.  In  \orway,  under  61°  latitude,  the 
glaciers  of  .Tustedal  rise  to  a  height  of  1850  metres,  and  de¬ 
scend  to  485  metres,*  The  inferior  extremities  of  that  of 
Lodal  and  \ygaard  are  at  577  metres  and  340  metres  above 
the  sea  f  In  the  same  country,  under  latitude  67’,  the  glaciers 
of  Sala  and  .\Imjalos  descend  from  a  crest  of  the  Sulitelma, 
which  rises  to  1494  metres,  and  their  lowest  point  is  still  from 
778  and  974  metres  above  the  North  Sea.J  IV^e  thus  see 
that  the  difference  of  6^  in  latitude  is  more  than  compensated 
by  the  greater  elevation  of  the  mountains  of  .Tustedal,  com¬ 
pared  with  that  of  Sulitelma.  hN’en  under  the  70th  parallel, 
the  glacier  of  .T(ehulsfiord  in  Finmark  does  not  descend  to  the 
sea.  In  Iceland,  64  latitude,  under  the  double  inrliience  of 
one  of  the  most  rigorous  climates  in  the  same  latitude  and  the 
most  elevated  mountains,  the  glaciers  reach  the  margin  of  the 
ocean.  Ihit  in  no  instance  do  they  advance  into  it,  for  a  free 
space  is  always  left,  which  admits  of  a  passage  between  the 
glacier  and  the  waves. 

Distinction  bct/recu  the  loicer  glaciers  and  the  Mere  de  Glace 
of  Sn'itzertand. — W  e  cannot  continue  our  comparison  between 
the  glaciers  of  Spit/.bergen  and  Switzerland  without  making, 
at  the  outset,  an  important  distinction.  In  Spitzbergen,  or 
at  least  ill  the  north  of  that  island,  the  line  of  perpetual  snow 
is  at  the  margin  of  the  sea  ;  conseipiently,  the  glaciers  cannot 
strictly  be  compared,  except  with  that  iiortion  of  the  Swiss 
glaciers  which  rises  above  the  limit  of  continual  snow.  These 
upper  ghn  iers  are  very  different  from  those  which  descend 
into  the  inhabited  valleys  :  Saussure,  Chai’iientier,  and  above 
all  llugi,  have  perfectly  described  and  distinguished  them. 

*  L.  Von  15iu  li :  I'ooordic  (In-nzcn  des  ewigeu  !>clinecs  in  Noidcn.  (  Gil¬ 
bert’s  Anuidc'u  der  I’livsik,  t.  41.  p.  22.  Uil2.) 

t  N  iuiiiMiin  :  I’.inigc  lloniorkungen  auf  Ausduogen  in  die  Norwegiseijou 
yclinee;retildc.  ■  L'  y’o.'fc/e.doo'/i,  i.  xvii.,  p.  1(57  and  1  at).  182:5.) 

J  Waldenberg :  Beridit  liber  !Mes>,ungen  und  Beobachtungen  zur  Be- 
stimniung  der  lliilie  und  Teinperatur  der  I.appliindisebcn  Alpen  unter  dem 
67  en.  Breiiegrad,  iibersetzt  von  Haiissmann.  1812.  5  17et29. 
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The  Germans  call  them  Firne  ;  we  call  them  Glaciers  Superi- 
eurs,  or  Mers  ile  Glace.  Under  the  name  of  Glaciers  Jnferienrs 
(fjletscher),  we  comprehend  the  lower  part  of  the  glaciers,  begin¬ 
ning  at  the  inferior  limit  of  the  Mers  de  Glace.  Finally,  we 
apply  the  word  glaciers,  without  addition,  to  the  entire  Mers 
de  Glace  (Firne)  and  the  inferior  glaciers  fUetscher),  con¬ 
sidered  collectively.  The  glaciers  of  Spit/bei’gen  being  only 
Mers  de  Glace,  as  we  shall  afterwards  see,  we  apply  one  or 
other  of  these  denominations  to  them  indifferently. 

The  lower  limit  of  the  Mers  de  Glace  of  Switzerland  has 
been  fixed  by  Hugi*  at  2470  meti’es.  It  nearly  coincides  with 
the  line  of  perpetual  snow ;  but  it  is  more  constant,  for  its 
height  is  the  same  on  the  two  declivities  of  the  Alps,  and  it 
undergoes  no  variation  in  different  veal's.  Their  upper  limit 
is  from  3200  to  3600  metres  above  the  sea,  in  the  group  of 
the  Oberland. 

Declicity  and  perpendicular  heiyht. —  I'lie  inclination  of  tli;- 
glaciers  of  Spitzbergen  is  very  trifling.  In  facf.  the  moun¬ 
tains  on  which  they  re.st  are  not  higli,  and  they  are,  besides, 
so  })recipitous,  that  the  glaciers  cannot  rise  above  the  third  of 
their  entire  height.  From  this  it  follows  that  the  difference 
of  level  between  the  lowest  and  highest  points  of  these  fields 
of  ice  is  not  nearly  so  considerable  as  among  the  Alp.s.  Ac¬ 
cording  to  Scoresby,-|*  the  difference  of  level  between  the 
summit  and  bottom  of  the  great  glacier  of  Horn  Sound  is  only 
400  metres.  1  calculate  that  of  the  glacier  at  the  bottom  of 
Magdalena  IJay  at  350  metres,  which  reduces  its  inclination 
to  about  10^  I..atta+  estimates  that  of  the  Seven  (ilaciers 
from  10^  to  20'* :  the  principal  glacier  of  Hell  Sound  was 
nearly  horizontal,  owing  to  its  great  length. 

The  three  glaciers  of  Heerenberg,  in  the  island’ Jan  .Mayen 
(Lat.  70°  40'  ,  are  only  300  metres  of  vertical  height  above 
the  sea.  Scoresby  assured  himself  of  this  by  a  trigonometri- 
.  cal  nieasurenient.^ 

In  Switzerland  and  Savoy,  on  the  contrary,  the  inclination 

*  L.  c.  p.  3:U  to  337.  t  L.  c.  t.  i.  p.  10’2.  |  1,.  c.  p.  O.V. 

I  g  Narrativo  of  an  Kxcursioii  upon  tiu' Island  of  Jan  Miiyon.  (Edin.  I’hil. 

‘  Journal,  vol.  i.  p.  12 1.  IBl'.t. ) 
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of  the  slopes  often  exceeds  30°  or  40°,  according  to  Saussure,* 
and  the  difference  of  level  between  the  summit  and  the  base 
of  the  glaciers  varies  from  1590  to  2000  metres.  I  shall  con¬ 
tent  myself  by  adducing  two  examples,  which  will  afford  au 
idea  of  the  extreme  limits.  IVdien  examining  Mont  lilanc 
from  the  height  of  Cramont,  I)e  Saus.sure  t  thought  he  could 
affirm  that  its  summit  was  not  covered  with  ice.  He  reverted 
to  this  o])inion  in  his  ascent  of  that  mountain  and  of  the  Bre- 
vent  thus  we  may  admit  that  the  glaciers  which  surround 
Mont  Blanc,  and,  in  particular,  the  glacier  of  the  Bossons,  de¬ 
scend  from  its  summit,  which  gives  to  the  latter  glacier  a  ver¬ 
tical  height  of  3795  metres.  On  the  other  hand,  according  to 
the  observations  of  Hugi,  the  glacier  of  hoctsch,  in  the  Valais, 
is  only  1005  metres  in  vertical  height.  By  measuring  that  of 
glaciers  which  descend  from  mountains  of  small  elevation,  we 
should  certainly  find  differences  of  level  still  less  considerable. 

If  we  seek  to  discover,  as  has  been  done  by  Hugi,  that  which 
exists  between  the  summit  and  the  base  of  the  Mers  de  Glace 
{Virne'),  we  find  that  it  is  about  940  metres  in  the  Oberland. 
On  the  Col  du  Mont  Cervin  I  have  found  it  to  be  about 
1054  metres,  on  the  supposition  that  the  Mer  de  Glace  which 
covers  the  Col  descends  from  the  little  Mont  Cervin,  for  its 
lower  limit  is  at  519  metres  below  the  culminating  point  of 
the  Col.§ 

Forms. — The  surface  of  the  Spitzhergen  glaciers  presents 
none  of  those  sharp  points  or  pyramidal  elevations  which  form 
the  beauty  of  the  inferior  glaciers  of  Switzerland.  Their  su¬ 
perficies  is  commonly  uniform  or  slightly  undulated,  like  that 
of  the  mers  de  glace  in  the  Oberland  and  Savoy.  It  is  pro¬ 
bable,  however,  that  some  of  them  might  be  covered  with 
sharp  projections,  both  on  account  of  the  great  inclination  of 
their  sides,  ||  and  the  occurrence  of  several  unusually  warm 
summers.  We  know  as  an  ascertained  fact  that  these  two 

*  L.  c.  §  524.  t  L.  c.  §  914.  J  L.  c.  §  1981,  wte,  and  §  C54. 

§  Height  of  Little  Mount  Cervin,  called  Breithom  by  Saussure,  3900 
metres  (§  2247g  Termination  of  the  Mer  de  Glace  on  the  north,  above 
Zermatt.  2840  above  the  sea,  according  to  the  barometiical  observations  of 
the  author. 

||  De  Saussure,  1  c.  §  632. 


ITiG  Dr  Martens  on  the  Glaciers  of  Hpitzhergen. 

causes,  eitlier  unite;!  or  separately,  contribute  to  the  forma¬ 
tion  of  neeiile-like  points.  Thus,  the  •'lacier  of  Talefrc,  the 
sides  of  u’hich  are  very  steep,  presents  very  beautiful  projec¬ 
tions  of  this  nature,  although  it  rises  2000  metres  above  the 
sea,*  and  is  eonsecjucntly  above  the  lower  limit  of  the  Mersde 
(.llace.  Those  of  the  liossons.  Hois,  and  (irindelwald,  which 
unite  the  two  conditions  above  mentioned,  are  likewise  those 
in  which  the  necille-like  prominences  are  highest  and  most 
beautiful. 

At  Magdalena  Hay,  the  surface  of  the  glaciers  was  uniform, 
like  all  the  others  which  had  been  seen  by  Seoreshy,  Latta, 
and  Keilhau  ;  hut  at  Hell-Souiid,  the  glacier  at  the  bottom  of 
the  hay  presented  a  few  pyramids  at  its  loner  extremity,  the 
spot  where  the  reverberation  of  the  sun’s  rays  from  the  neigh¬ 
bouring  mountains  must  have  tended  to  melt  the  ice.  d'his 
peculiarity  will  surprise  no  one,  when  we  retleet  that  this 
glacier  was  situated  at  the  extremity  of  a  deep  and  well  shel¬ 
tered  hay,  the  climate  of  which  is  rather  mild  compared  with 
that  of  such  portions  of  the  coast  as  are  exjiosed  to  all  the  vio¬ 
lence  of  the  w  inds  from  the  sea.  During  our  residence  at 
Bell  Sovnul,  from  2oth  .Inly  to  4th  Augnst  18d8,  the  thermo¬ 
meter  rose  to  -f  8"  2,  (’.,  and  never  sunk  below  -f  0  .3 ;  the 
mean  being  -h  3  .8.  At  ^Magdalena  Hay,  on  the  contrary, 
where  we  remained  from  the  1st  to  the  12th  August  1839,  it 
rose  only  once  to  -f-  5  .7,  and  often  sunk  to  zero.  The  mean 
temperature  was  -f  2'’.97.  If  it  he  objected  to  this  that  these 
two  summers  may  have  been  in  every  respect  exceptions  to 
the  usual  character  of  the  seasons,  I  would  reply  that  the  ve¬ 
getation  is  the  best  index  of  difference  of  climate  in  regard  to 
two  places  not  distant  from  each  other,  and  situate,  like  Hell 
Sound  and  Magdalena  Hay,  on  the  shore  of  the  same  sea,  and 
under  the  same  meridian.  Xow',  at  Hell  Sound,  I  found  fifty- 
seven  phanerogamous  plants  ;  at  Magdalena  Hay  twenty-four, 
and  in  this  number  only  two  which  did  not  exist  at  Hell 
Sound  ;t  the  difference  of  the  two  climates  is  therefore  un- 
que.stionable. 

*  S.iussure,  t.  c.  §  C52. 

t  The  following  is  the  list  of  phanerogamous  plants  which  we  found  at 
Bell  Sound,  those  in  italics  existing  likewise  at  Magdalena  Bay ; — Ramin- 
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It  may  be  added  that  we  find  glaciers  with  pyramids  under 
very  high  latitudes.  In  Norway,  67^  Lat.  the  glaciers  of  Suli- 
telma  are  covered  with  them  in  every  place  where  the  decli¬ 
vity  is  steep.*  In  Iceland,  under  64°,  those  of  Svinafells 
.Toel<ull,t  and  Iloelaar  .)oekull,:J;  are  remarkable  for  their 
beauty. 

1'lie  lower  glaciers  of  Switzerland  are  convex,  that  is  to 
say,  more  elevated  in  their  centre  than  at  the  sides ;  this  dis¬ 
position  a])pears  to  me  to  be  nearly  invariable.  It  is  owing  to 
the  circTimstance  of  the  upper  surface  of  the  glacier  melting 
most  on  the  lateral  parts,  which  are  more  exposed  to  the 
reverberation  of  heat  from  all  the  neighbouring  heights. 
Hugig  ju’operly  observes  that  this  convexity  constitutes  an  es¬ 
sential  character  which  distingubhcs  the  glaciers  from  the  Mers 
de  Glace  ;  the  latter  are  almost  always  flat,  as  that  of  the  Col 
St  Theodule,  and  even  concave,  as  that  of  Hoththal,  the  mar¬ 
gins  of  which  were  raised  about  20  metres  above  the  central 
parts.  II  In  Spitzbergen  the  same  thing  occur.s ;  the  sur- 


cvlus  gtilji/iKniig,  Sol.;  IJ.  nivalis,!..;  It.  jiiiffina'iig,  Wahl,  j  I’apaver  mtdi- 
cavle,  L.  ;  Draba  algiila,  D.C. ;  I),  alpina;  I>.  Murir‘:Ua,Wah\,\  D.  arctica, 
Wahl.f. ;  1).  obloiutatc,  1{.  B. ;  D.  lapponica,  D.  C. ;  1).  niartinsiana,  J.  Gay; 
Cochlearea  oificinalis,  L. ;  C.(laiuca,L,.;  Cat-domine  (nUidi folia,  h. ;  C.  pra- 
tcnsis,  li. ;  I’latyputalum  purpurasevns,  1{.  B. ;  Eutrcma  I'idwardsii,  11.  B. ; 
Sileite  acaalig,  L.;  I.yclinis  apctala,  L. ;  Spergula  saginoidc.s,  L. ;  SItllaria 
Edi'arihii,  11.  B.  ;  Arcnaria  rutcdla,  Hook  ;  A.  Scandinavica,  Spr.  ;  A. 
ciliata,  Walil. ;  C<ro.n{i<iii  al/iinnni,  L. ;  Dryas  octopet.'da,  L. ;  Potentilla 
pulchella,  R.  B.  ;  1‘.  Cinaraiiiata,  rursh ;  Saxifr.aga  ai/oidos,  L. ;  S.  fliigel- 
laris,  Sternb. ;  S',  ce.^jiitoga,  L.  ;  S.  liioraviil'olia,  Wild.;  S.  gtillaris,  /3 ;  S. 

llartni. :  S.  o.nii/a,  I.. ;  S.  liirculus,  L. ;  S,  oj‘j>ositi/olia,Li. ;  S,  rirtc- 
/ac(>,  L. ;  .S.  L. ;  Clirysoplonium  alternifoliuin,  L. ;  Erigeron  alpi- 

nuin,  ^unifloruni,Less  ;  I’bytamocarpum  laraxfipoidos,  Vahl.  f. ;  Empetrum 
nigrum,  L. ;  Pedicularis  hirsuta,  L. ;  O.vi/ria  rtniforiuis,  Hook. ;  Polygonum 
viviyaruiii,  L. ;  Salix  reticulata,  L. ;  S,  polaris,  Wahl. ;  Juncus  biglumis,  L. ! 
Luzula  arcuata,  Wahl. ;  Carex  helionastes,  Ehrh. ;  Phijg/sia  algida,B..  B. ; 
Alopccurus  ovatus  jS  muticus,  Sommerf. ;  Festuca  ovina,  L. ;  F.  rubra  /3  are- 
naria,  'Wahl. ;  Poa  ali>ina,  L. ;  Dupontia  Fischeri,  R.  B. ;  Trisetum  subspi- 
catuni,  Pal.  Bcauv. 

At  Magdalena  Bay  only  Luzula  hyperborea,  R.  B. ;  Poa  laxa  ! 

*  Wahlenberg,  1.  c.  g  13,  and  Plate  II.  and  IV. 

t  Voyage  en  Icelande  et  au  Greenland  de  la  con-ette  La  Recherche,  ■^l&nchem 
80  and  81. 
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face  of  a  pflacier  is  most  frecjiiently  flat,  or  slightly  con¬ 
cave.*  The  glaciers  of  Jkll-Sourul  were  obviously  flat  ; 
those  of  Magdalena  Day  presented  three  types.  The  glacier 
of  Pointe  aux  Tomheaux  was  a  little  concave,  that  at  the  bot¬ 
tom  of  the  hay  evidently  flat,  particularly  in  its  upper  part. 
Finally,  there  were  two  small  ones,  which  did  not  reach  the 
edge  of  the  sea,  because  the  coast  was  steep,  and  the  masses 
of  ice  fell  and  were  broken,  like  those  of  the  glacier  of 
Getroz,  in  the  A  alais,  in  proportion  as  they  advanced  and 
sloped  down  upon  this  vertical  wall.  One  of  these  glaciers 
overlooked  our  vessel,  and  1  was  therefore  able  to  examine  it 
at  leisure.  It  was  only  240  metres  broad,  inclosed  between 
two  rocks  of  a  dark  colour,  and  had  melted  at  the  sides,  which 
rendered  it  very  convex.  It  was  composed  of  layers  placed 
one  above  another,  which  appeared  to  consist  of  indurated 
snow  rather  than  true  ice.  Perliaps  it  is  to  the  very  form  in 
question  that  we  ought  to  attribute  the  imperfect  conversion 
of  the  snow  into  ice.  Rain  water,  and  that  proceeding  from 
melted  snow,  running  over  this  bulging  surface  as  from  a  roof, 
could  never  penetrate  this  compact  mass  of  snow,  condensed 
by  its  own  weight.  Wiien  the  declivities  on  which  northern 
glaciers  rei)ose  are  very  unequal,  they  mould  themselves  upon 
these  inequalities  like  the  glaciers  of  the  Alps,  as  Scoreshy 
has  shewn  to  take  place  on  the  glaciers  of  the  island  Jan 
Mayen,  w  Inch  he  represents  as  resembling  an  immense  frozen 
cataract,  the  illusion  being  rendered  complete  by  pointed 
rocks  projecting  in  numerous  places,  t 

The  glaciers  of  Spitzbergen  perhaps  melt  a  little  on  the 
surface  wdien  the  weather  is  mild  and  the  air  moist ;  but,  not¬ 
withstanding  this,  it  is  to  the  melting  of  the  snow  accumu¬ 
lated  on  them  that  we  must  ascribe  the  origin  of  the  streams 
of  water  to  w'hich  they  sometimes  give  rise.  It  is  not  a  rare 
thing  to  see  small  cascades  issuing  from  their  upi)er  parts.  At 
Magdalena  Bay  one  was  observed,  which  flowed  for  several 
days  from  the  sides  of  the  glacier  Pointe  aux  Tomheaux.  That 
of  Bell  Sound  was  furrowed  by  small  streams  of  water. 


*  Scort'shy,  i.  c.  t,  1.,  p.  loli.  Keiiliau,  1.  c,  p.  13."i. 
t  Ellin.  Piiil.  Journal,  vol.  i,  p.  121.  1819. 
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Phipps,  in  one  of  the  views  wliich  ornament  his  work,  has  re¬ 
presented  one  of  the  glaciers  of  Smeerenberg,  and  a  cascade 
issues  from  the  lower  third  of  its  vertical  height,  and  falls 
into  the  sea.  Scoresby  and  Latta  saw  the  seven  glaciers 
traversed  by  small  streams,  some  of  which  ran  in  the  crevices, 
and  could  only  be  discovered  by  the  sound  of  the  water.  The 
surface  of  the  terminal  glacier  of  Magdalena  Day  was  quite 
dry,  no  water  being  found  even  in  its  tissures. 

Crevices. — In  general  these  glaciers  are  covered  with  snow 
all  the  year.  Iveilhau  *  has  verified  this  athrmation  regard¬ 
ing  those  of  the  south,  and  the  snow  does  not  melt  on  those 
of  the  nortli.  At  Dell  Sound,  however,  the  great  glacier  at 
the  time  of  our  departure  t  had  a  great  number  of  small  pools 
scattered  over  its  surface.  This  layer  of  snow  conceals  the 
crevices  from  the  eye  of  the  observer,  and  entirely  covers  them 
ui>,  if  they  are  not  very  wide.  At  ^Magdalena  Day,  I  went 
upon  the  great  glacier  at  the  bottom,  in  order  to  study  them 
more  closely.  Like  those  of  the  glaciers  of  the  Alps,  they 
M'ere  all  transverse,  conseciuently  parallel  to  the  sea,  and  so 
much  the  wider  the  nearer  they  approached  to  it.  At  the 
sui’face  of  the  glacier,  they  sometimes  attained  a  width  from 
five  to  ten  metres  ;  their  depth  was  from  fifteen  to  twenty. 
Their  two  faces  were  always  in  contact  at  the  bottom,  which 
was  strewed  with  enormous  fragments  of  ice  and  indurated 
snow.  Long  stalactites  hung  from  the  walls  of  these  crevices. 
Sometimes  they  resembled  the  tubes  of  a  huge  organ,  at  other 
times  they  were  insulated,  and  reminded  one  of  the  pendant 
ornaments  of  a  (Tuthic  cathedral.  I  could  never  see,  in  the 
bottom  of  the  fissure,  the  rock  on  which  the  glacier  was  rest¬ 
ing.  Saussure,  in  his  ascent  of  Mont  Blanc,  was  not  more 
successful. +  It  is,  at  the  same  time,  probable  that  these  rents 
often  traverse  the  glacier  throughout  its  whole  thickness  in 
Spitzbergen  as  well  as  in  Switzerland.§  The  adventure  of 
the  Grindelwald  innkeeper,  who  fell  into  a  fissure  and  found 
his  way  to  the  edge  of  the  glacier,  by  following  the  course  of 
a  rivulet,  which  had  wrought  o»it  a  passage  for  itself  under 

*  L.  c.  p.  13.-..  t  4th  August  1838.  I  L.  c.  §  1:I73. 

'i  .See  Ilugi.l.  I .  p.  338  and  331. 
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the  ice,  is  a  fact  well  known  to  all  who  have  travelled  in  the 
Oherland.*  The  formation  of  such  crcviees  mayhe  reasonably 
assigned  to  the  alternate  contractions  and  dilatations  of  those 
masses  which,  during  the  long  winters  of  Spitzhergen,  are,  in 
all  probability,  exposed  to  a  cold  of  —  40^  C.,  while,  in  the  sum¬ 
mer,  they  are  suddenly  surrounded  by  an  atmosphere  whose 
temperature  is  always  above  zero.  The  surface  is  then  heated 
more  than  the  subjacent  parts,  the  ])lacos  coverc'd  with  snow 
less  than  such  as  are  free  from  it ;  hence,  unequal  dilatations 
followed  by  continuous  melting  throughout  the  mass,  llugi 
has  often  seen  these  crevices  forming  under  his  eyes.  He- 
specting  one  of  them,  he  gives  the  following  details  : — “  1  was 
one  day  walking  over  the  glacier  of  the  I  liter- Aar,  about  three 
o’clock  in  the  afternoon.  The  heat  was  very  powerful ;  all  of 
a  sudden  I  heard  a  peculiar  noise.  I  had  scarcelv  run  thirty 
or  forty  paces  in  the  direction  of  the  sound,  when  I  felt  the 
glacier  trendde  under  my  feet  several  times  ;  at  the  same  mo¬ 
ment  I  saw  that  it  was  rending  asunder.  The  fissure  often 
advanced  from  ten  to  twenty  feet  in  an  instant :  1  was  scarcely 
able  to  follow  it.  For  a  moment  at  a  time  it  seemed  about 
to  stop,  or  rather  its  jirogression  was  very  slow  ;  but  the  en¬ 
tire  mass  seemed  to  tremble,  and  the  rent  continued  to  length¬ 
en.  Several  times  I  ran  on  bel’oi’e  it,  that  I  might  lie  down 
on  the  glacier  in  the  ])lace  where  it  must  pass.  Once  1  was 
violently  shaken,  and  tlie  ice  split  beneath  me.  In  this  man¬ 
ner  1  followed  the  rent  for  a  (pun  ier  of  an  hour,  as  far  as  a 
central  moraine,  where  it  .sto]iped.  The  breadth  was  an 
inch  and  a  half ;  its  inner  surface,  rough  and  unecpial,  expos¬ 
ed  to  view  crystals  of  ice,  partly  broken,  partly  torn  asun¬ 
der  ;  its  depth  did  not  exceed  four  or  five  feet.  A  few  days 
after,  I  visited  the  glacier  a  second  time  :  the  rent  was  six 
inches  wide,  and  its  depth  considei’able.  A  new  fissure,  pa¬ 
rallel  with  the  first  and  six  feet  deep,  had  been  formed  in  my 
absence.”  t 

Many  causes  contribute  to  enlarge  these  crevices.  In  the 
first  place,  the  weight  of  the  ice  beneath ;  then  the  water  which 

*  Ebel ;  Manuel  du  Voyageur  en  Suisse,  t.  ii.  p.  580. 

*  Hugi,  1.  c.  p.  354. 
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collects  in  them  in  the  form  of  little  reservoirs  or  streamlets. 
By  reason  of  its  maximum  of  density,  which  is  found  to  be  be¬ 
tween  +  4°  and  +  the  water,  which  contact  with  the  ice 
has  brought  to  zero,  reascends  to  the  surface,  to  descend 
again  after  it  has  actiuired,  under  the  influence  of  the  air,  a 
temperature  near  to  this  maximum  of  density.  Finally,  the 
freezing  of  this  water,  and  the  eidargement  of  volume  accom¬ 
panying  its  change  of  condition,  which  causes  it  to  act  as  a 
wedge,  and  thereby  increase  the  fissure.  1  shall  refer  the  na¬ 
tural  philosophers,  who  may  raise  objections  to  this  theory,  to 
the  profound  discussion  preserved  by  Gilbert  in  his  Annalen.* 
Xnture  of  the  Ice. — The  ice  of  which  the  glaciers  of  Spitz- 
bergen  are  composed  resembles,  in  every  respect,  that  of  the 
superior  glaciers  {Firne  of  the  Alps.  On  the  surface  it  is 
rough  and  uncMpud,  never  slippery.  The  crevices  are  often 
tinted  with  the  most  beautiful  azure  blue,  which  is  likewise 
the  case  with  the  cavities  in  the  floating  pieces  of  ice  pi’oceed- 
ing  from  them.  The  latter  sometimes  appear  striated.  ^VTlen 
examined  closely,  we  ])erceive  that  this  appearance  is  owing 
to  a  multitude  of  small  bubbles  of  air  of  an  elongated  and  py- 
ribnan  shape,  in  some  pieces  these  bubbles  are  rounded.  Saus- 
suret  and  ScoresbyJ  have  recorded  observations  analogous  to 
these.  This  ice  is  not  formed  by  the  union  of  crystals  or  in- 
timat('iy  united  fragments,  like  that  of  the  inferior  glaciers  of 
Switzerland.  MM.  llugij  and  Kaemtz,l|  who  have  described 
them  very  accurately,  both  insist  on  this  peculiarity,  that  the 
cx'y.^tals  diminish  in  size  in  proportion  as  we  ascend  a  glacier. 
It  need  not,  therefore,  excite  surprise,  if  they  do  not  exist  in 
the  ice  of  Spitzbergen.  At  the  same  time,  I  have  observed,  both 
at  Bell  Sound  and  Magdalena  Bay.  crystalline  formations  of  a 
very  singular  character.  At  Bell  Sound,  this  was  on  the  margin 
of  a  small  rivulet ;  at  Magdalena  Bay,  near  a  feeble  stream¬ 
let,  between  the  glacier  Pointe  aux  Tombeaux  and  the  sea. 
These  two  places  were  perfectly  Hat,  and  covered  with  a  not 
very  thick  layer  of  ice  and  snow.  Here  and  there  certain 
places  wi're  to  be  seen,  of  several  sfiuare  metres  in  extent,  in 


*  Anuiilenderl’liysik,  t.  Isiv.  p.  183.  1820.  t  L.  c.  §  525.  J  L.  c.  U  1.  p.  341. 
§  I,,  c.  p.  341.  t  Lehrbiirh  (l*>r  Meteorologie,  t.  ii.  p.  160.  1832. 
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general  somewhat  convex,  and  which  were  entirely  paved 
with  prisms  i)hiced  vertically  hy  the  sides  of  each  other.  Their 
length  varied  from  fourteen  to  thirty  centimeters,  the  greater 
part  being  from  one  to  two  decimeters  ;  their  diameter  was 
from  one  to  two,  rarely  of  three,  centimetei’S.  Their  upper 
surfaces  w'ere  perfectly  level.  Almost  all  resembled  each 
other  in  shape,  which  was  that  of  a  prism  with  a  square  or 
hexagonal  base  ;  but  their  faces  and  angles  were  unecpial  and 
mal  accusees.  Being  simply  in  juxtaposition,  although  very 
close  to  each  other,  they  fell  of  their  own  accord  when  an  open¬ 
ing  was  made.  These  prisms  did  not  rest  on  the  ground,  hut 
were  implanted  in  the  mass  of  ice  of  which  we  have  spoken. 
At  Bell  Sound  my  friend  M.  Bravais  observed  two  stages  of 
similar  crystals  placed  one  above  the  other,  and  separated  by 
a  plane  of  ice.  The  lower  stage,  the  least  regular,  was  com¬ 
posed  of  needle-like  points  in  a  state  of  great  confusion.* *•  The 
ice  of  these  prisms  was  light,  and  tilled  with  air-btibblcs ;  its 
colour  often  tinged  with  azure.  These  assemblages  of  ice- 
crystals  are  found  in  planes  perfectly  horizontal,  where  the 
water  lodges  and  slowly  imbibes  the  snow  which  covers  the 
soil.  Their  formation  may  he  explained  (comparing  it  to  that 
of  crystallized  salts  allowed  to  remain  for  a  length  of  time  in 
solution  by  the  successive  juxtaposition  of  new  particles  of  ice 
every  time  the  melted  snow  passes  into  a  solid  state,  or  hy  the 
etfects  of  the  moisture  being  withdrawn.  The  ice-crystals 
which  enter  into  the  composition  of  the  lower  parts  of  the 
Helvetian  glaciers,  often  attain  the  thickness  of  a  nut,  with  a 
length  of  fifty-four  millimeters.t  Kaemtz  explains  their  ori¬ 
gin  in  the  same  manner.+ 

Moraines — Erratic  blocks.  The  glaciers  of  Spitzbergen  are 
overlooked  by  nearly  vertical  mountains,  whose  summits  are 
composed  of  blocks  of  rock  not  intimately  united  with  each 
other,  because  the  water  produced  by  the  melting  of  the  snow 
has  separated  them  at  the  time  of  its  congelation.  Their  sides 
are  for  this  retison  covered  with  an  immense  (juantity  of  debris. 

Between  the  lower  extremity  of  the  glacier  and  the  moun- 


*  Colonel  Jfickson  has  observed  similar  cry.stals  on  the  Neva.  See  Tran¬ 
sactions  of  the  Royal  Geographical  Society,  vol.  v.  p.  19. 

*•  Hugi,  1.  c.  p.  311.  I  Vorlesungcn  Ober  Mcteorologie,  p.  261.  1840. 
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tain,  there  often  exists  an  interval,  a  small  valley,  the  bottom 
of  which  is  occupied  by  a  small  rivulet.  The  great  glacier  of 
Bell  Sound  was  separated  from  each  of  the  lateral  chains  which 
confined  it  by  one  of  these  valleys.  Du  the  north  of  the  ter¬ 
minal  glacier  of  Magdalena  Bay,  a  rivulet  ran  between  the 
moraine  and  the  mountain.  Those  of  the  Kntree  and  Pointe 
aux  Tombeaux  supjiorted  themselves  on  both  sides  on  the  sur¬ 
rounding  mountains,  except  at  their  lower  extremity,  which 
advanced  a  little  beyond  them. 

The  travellers  who  preceded  us  have  not  directed  their  at¬ 
tention  to  the  blocks  of  stone  w  hich  may  be  found  on  the  sur¬ 
face  of  these  ghiciers.  The  following  are  the  observations  I 
made  on  this  subject. 

The  principal  glacier  of  Bell  Sound  was  .s<jiled  with  earth 
only  at  its  sides.  Those  of  Magdalena  Bay  were  both  cover¬ 
ed  with  stones  at  their  lower  extremity.  These  stones  occu¬ 
pied  nearly  the  eighth  i)art  of  the  breadth  of  the  terminal 
glacier  ;  but  there  were  none  in  the  tnuhlle,  either  of  tins 
or  of  any  other.  Xot  only  are  blocks  observed  on  their  upper 
surface,  but  they  are  likewise  found  embedded  in  the  ice.  1 
have  remarked  a  pretty  considerable  number  of  them  over  all 
the  height  of  the  two  lateral  walls  of  the  two  princij»al  glaciers 
of  Magdalena  Bay,  but  never  could  I  discern  any  on  the  face 
looking  to  the  sea.  I  cannot  believe  that  any  such  exist,  for 
1  have  passed  entire  hours  before  the  glaciers  of  the  two  bays 
which  we  visited  in  order  to  make  experiments  on  submarine 
temperatures.  1  could  thus  see  a  great  number  of  sections, 
comprehending  the  entire  thickness  of  the  glacier,  as  the  lat¬ 
ter  by  degrees  broke  down  into  the  sea.  In  order  to  assure 
myself  of  the  fact,  I  went  in  a  boat  to  the  glacier  of  Magda¬ 
lena  Bay,  and  entered  into  the  little  creeks  formed  by  the 
breaking  down  of  the  ice,  and  no^'hoi’e  could  I  see  blocks  nor 
even  sand  in  the  thickness  of  the  ice  ;  every  where  it  w’as  per¬ 
fectly  pure  and  transparent.  Before  passing  on  to  the  expla¬ 
nation  of  these  facts,  let  us  first  examine  comparatively  how 
the  erratic  blocks  appear  on  the  glaciers  of  Switzerland. 

All  geologists  agree  in  affirming,  that  no  blocks  are  seen  on 
the  surface  of  the  upper  glaciers  ( Firne  ).  Doubtless  a  few 
insulated  blocks  may  a])pear  by  chance,  which  have  rolled  down 
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from  the  neighbouring  lieights  ;  but  the  sunace  is  never  entire¬ 
ly  concealed  under  a  layer  of  stones  and  sand,  as  takes  place 
with  the  lower  glaciei's.  The  reason  of  this  may  be  easily  un¬ 
derstood.  hen  a  block  falls  on  one  of  the  upper  glaciers,  it 
sinks  in  the  snow  ;  as  the  latter  never  entirely  melts,  but  is 
converted  into  ice  and  is  covered  with  successive  layers  of  new 
snow,  it  follows  that  the  block  is  soon  buried  in  ice.  But  the 
glacier  having  a  continued  prognissive  movement,  is  always 
descending  towards  the  plain  ;  and  nhile  it  advances  over  a 
slope  more  or  less  inclined,  the  block  advances  horizontally, 
and  is  soon  placed  at  the  surface  of  the  glacier.  Such,  at  least, 
is  the  explanation  given  by  M.  Charpentier.*  Hence  tlie  ex¬ 
istence  of  the  central  moraines  ((iuji'erlinien )  which  are  the 
union  of  the  terminal  moraines  of  several  glaciers  converging 
into  one,  and  which  reject  at  their  surface  the  blocks  which 
they  transported  enclosed  in  their  substance. 

But  it  may  be  .said  that  no  one  has  ever  .seen  in  Switzerland 
these  blocks  of  stone  immersed  in  the  thickness  of  the  superinr 
glaciers.  This  is  true  ;  but  it  is  forgotten  that  the  upper  gla¬ 
ciers  of  Switzerland  rest  with  both  thi‘ir  sides  on  the  moun¬ 
tains,  and  do  not  therefore  admit  of  their  lateral  part.5  being 
examined  throughout  their  whole  height.  Those  of  Spitzber- 
gen,  on  the  contrary,  are  disengaged  from  the  surrounding 
mountains  and  advance  on  the  shore,  so  that  their  sides  can 
be  studied  as  well  as  their  surface. 

Some  skilful  observers,  llotfmannt  among  others,  still  main¬ 
tain  the  opinion  formerly  advanced  by  Saussure.  As  the 
valleys,'’  says  this  great  observer,|  “•  have  all  more  or  less  the 
form  of  a  cradle,  and  their  bottoms  more  excavated  than  their 
margins,  the  ma.sses  of  ice  become  compressed  and  tend  to- 
W’ards  the  middle  of  the  valleys  :  those  which  are  at  the  sides 
are  removed  from  them,  slip  towards  the  lowest  point,  and 
carry  along  with  them  towards  the  middle  of  the  valleys  the 
earth  and  stones  with  which  they  are  covered.” 

Whether  w'e  adopt  one  or  other  of  these  theories  regarding 
the  existence  of  blocks  in  the  middle  of  glaciers,  whether  we 

*  Gillxirt’s  Aniialfii  der  I’liysik,  t.  xliii.  j).  :!88.  181'.). 

t  Physiknlische  <r('o"rapt\ie,  t.  i.  p.  287. 

*  I..  c.  f  .187. 
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consider  them  as  central  moraines,  or  as  moveable  blocks  trans¬ 
ported  transversely  from  the  sides  towards  the  centre  of  the 
glacier,  is  of  little  imj)ortance,  for  it  is  easy  to  prove  that  these 
blocks  could  not  be  moved  in  this  manner  on  the  glaciers  of 
Spitzbergcn.  'I'o  those  who  regard  the  blocks  placed  in  the 
middle  of  glaciers  as  central  moraines,  I  would  say  tliat  the 
mers  de  glace  of  Spitzbergcn  are  rarely  formed  by  the  union 
of  many  small  converging  glaciers.  Placed  in  the  bottom  of 
bays,  they  rest  on  an  amphitheatre  of  mountains  completely 
hemmed  in  ;  conseiiuently  they  never  could  have  central  mo¬ 
raines.  However,  the  glacier  at  the  bottom  of  Magdalena 
Bay  is  formed  by  the  union  of  live  small  secondary  glaciers; 
but  these  are  very  short,  and  the  summits  which  overlook  them 
of  inconsiderable  elevation.  Hence  it  is  that  very  few  .stones 
fall  on  these  Tipper  glaciers ;  below,  on  the  contrary,  the  moun¬ 
tain  is  disengageil  from  the  glacier,  and  every  block  which 
rolls  down  its  sides  falls  upon  the  ice. 

'I'liose  who  favour  the  explanation  given  by  Saussure  will 
likewise  find  arguments  in  the  phenomena  of  Spitzbergcn  gla¬ 
ciers.  In  truth,  as  the  latter  do  not  melt  at  the  lower  surface, 
as  I  shall  attempt  to  ])rove,  it  follows  that  they  ilo  not  become 
excavated  beneath,  ami  that  the  principal  cause  of  the  sinking 
of  which  Saussure  speaks  does  not  exist ;  consetpiently  the 
blocks  cannot  thus  be  transported  perpendicularly  to  the  axis 
of  the  glacier.  I.et  it  not  be  forgotten  that  the  lowest  point 
of  these  mers  de  glace  corres])onds  to  the  line  which  sejiarates 
the  upper  from  the  lower  glaciers  of  Switzerland.  Now,  it  is 
exactly  at  tins  level  that  the  blocks  begin  to  show  themsedves 
on  the  surface  of  the  Alpine  glaciers  ;*  for  example,  at  the 
ujjper  part  of  the  lower  glacier  improperly  called  Mer  de  Glace 
at  Chamouui.  In  Spitzbergcn  it  is  at  the  edge  of  the  Mer, 
lower  dow  n  than  the  i»oint  where  they  have  been  sunk  in  the 
earth,  but  at  the  same  distance  from  the  axis  of  the  glacier, 
that  is  to  say,  on  its  lateral  parts,  that  the  blocks  begin  to  rise 
to  the  surface. 

In  :'liort.  the  existence  of  blocks  on  the  sides,  and  their  ab¬ 
sent  e  in  central  parts,  are  two  umpicstionable  facts.  It  thence 
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follows  that  the  glaciers  of  Spitzbergen  are  flanked  by  lateral 
moraines,  in  general  little  elevated,  and  always  in  immediate 
contact  with  the  ice.  In  fact  the  blocks,  existing  only  at  the 
sides,  are  thrown  off  to  the  right  and  left.  1  have  seen  some 
which  were  simply  resting  on  the  surface,  others  half  buried 
in  the  ice  of  the  lateral  walls,  with  only  their  outer  part  pro¬ 
jecting  ;  others,  finally,  which  had  rolled  from  the  higher  part 
of  the  glacier  on  the  moraine.  1  remember  one  of  these  blocks 
measuring  three  cubic  metres  at  least,  which  was  suspended, 
so  to  speak,  on  a  very  stcej)  part  of  the  terminal  glacier  of 
Magdalena  Bay.  The  sailors  imagined  that  the  exertions  of 
a  few  men  would  make  it  roll  down  ;  but  they  soon  i)erccivcd 
that  it  was  frozen  by  its  base  to  the  glacier,  and  that  it  would 
re<iuire  to  be  detached  from  the  ice  before  it  could  be  thrown 
down.  As  there  are  no  blocks  in  the  centre  of  the  Spitz¬ 
bergen  glaciers,  the  latter  have  no  terminal  moraines.  It  may 
be  said  that  it  is  at  the  bottom  of  the  sea  that  these  ought  to 
be  sought  for  ;  but  the  considerable  depths  found  in  their  vi¬ 
cinity  (64  to  110  metres)  must  make  us  reject  this  supposition. 

The  surface  of  the  Spitzbergen  glaciers  scarcely  ever  melt¬ 
ing,  we  never  observe  these  blocks  elevated  on  a  column  of  ice 
(Gletsehertische),  which  excite  our  wonder  on  the  lower  gla¬ 
ciers  of  Switzerland 

By  speaking  of  these  blocks  of  stone,  some  of  which  are  em¬ 
bedded  in  the  ice  while  others  rest  on  the  surface,  1  have 
touched  upon  one  of  the  most  controverted  and  important 
questions  of  geology,  that  of  the  transportation  of  erratic 
blocks  or  boulders.  I  shall  contine  myself  to  .i  short  synopsis 
of  the  facts,  which  may  affoi’d  arguments  to  the  partisans  of 
either  of  the  two  theories  which  now  divide  the  learned. 

\st,  Blocks  exist  on  the  surface  and  in  the  interior  of  tlie 
glaciers  of  Spitzbergen. 

2d,  The  blocks  on  the  surface  ahvays  lie  on  the  sides  of  the 
glacier.  Those  which  are  embedded  in  the  ice  are  seen 
throughout  the  w  hole  height  of  the  lateral  walls. 

3'/,  1  have  never  seen  blocks  in  the  middle  of  the  surface  of 
a  glacier,  nor  in  the  vertical  w  all  facing  the  sea. 

\fh,  Kvery  thing  leads  me  to  believe  that  the  greater  part 
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of  the  blocks  are  thrown  off  at  the  sides,  and  form  the  lateral 
moraines  w’hich  accompany  the  glaciers. 

5t//,  Daring  the  two  voyages  of  the  Recherche,  we  never  saw 
blocks  transported  by  floating  ice  ;  but  in  crossing  Bell  Sound, 
a  little  before  entering  the  bay,  my  colleague  M.  E,  Robert 
has  seen  floating  ice  stained  with  earth  on  the  surface,  which 
at  the  moment  wtis  taken  for  sandbanks. 

Tltichness  of  Glaciers. — The  lowest  part  of  the  glaciers 
of  Spitzbergen,  that  which  looks  to  the  sea,  always  forms  a 
vertical  wall,  the  height  of  which  varies  between  30  and 
120  metres.  That  of  the  glacier  of  Horn  Sound,  measured 
geometrically  by  Scoresby,*  was  121  metres.  The  second 
of  the  glaciers  of  Smeerenberg  or  Fairhaven,  91  metres,  ac¬ 
cording  to  Phi{>ps.+  At  Magdalena  Bay,  the  glacier  of  I’En- 
tree  was  63  metres  :  that  of  Pointe  aux  Tombeaux,  76  metres, 
according  to  the  measurement  of  the  officers  of  our  vessel  who 
had  charge  of  the  hydrographical  department.  I  estimate 
that  of  the  two  glaciers,  which  terminate  the  two  bays,  at  32 
metres. 

In  Lapland,  the  great  mass  of  ice  which  covers  the  Sulitel- 
ma  presents  an  escarpment  of  65  metres  in  height  at  its  lower 
,.art.:  In  Switzerland,  the  inferior  glaciers  in  general  are  only 
from  10  to  25  metres  in  thickness.  §  However,  the  Oberaar- 
gletscher  is  32  metres  at  its  foot  ;|)  the  Unteraargletscher,  38 
metres  that  of  Aletseh,  scarcely  30  metres,  near  the  lake 
Morill  that  of  Bois  from  25  to  30  metres.tt 

But  the  thickness  of  the  upper  glaciers,  Hugi++  thinks,  must 
be  estimated,  at  an  average,  from  40  to  60 'metres.  We  thus 
see  that  the  resemblance  between  the  Mers  de  Glace  of  Spitz- 
bergen  and  the  upper  glaciers  of  Switzerland  is  supported 
even  by  numerical  calculations. 

{To  be  concluded  in  nett  Numfjer.') 

*  1..  c.  p.  10’2.  t  A  Voya;^u  towar.lsi  the  North  I’ole,  p.  7l^- 

J  tVahleiilKTy,  1.  c.  §  13.  §  Hu^i,  !.  f.  p.  330.  |J  Ibid.  p.  1/6. 

•  Ibid.  p.  331.  **  Ibid.  ibid.  t  ^  Do  Saussiire,  1.  c.  §  523. 

Xl  1..  e.  p.  332. 
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Description  of  the  Process  of  Daguerreotype,  and  Bemarks  on 
the  Action  of  Light  in  that  process,  both  in  respect  to  Land¬ 
scape  and  Miniature  Portraits.*  By  Mr  Thomas  David¬ 
son,  Optician.  Coniiminicatcd  by  the  Society  of  Arts  for 
Scotland. 

12  IloYAL  Exchange.  EuiMiUUGii, 
yi/<  Xoi'Cinbtr  1)140. 

Sir, — Ill  submitting  to  the  consideration  of  your  Society 
the  few  following  remarks  concerning  my  method  of  taking  Da¬ 
guerreotype  jiictures,  &:c  ,  1  beg  leave  most  respectfully  to  state 
that,  in  the  first  part  of  the  process,  I  differ  from  Daguerre,  as 
I  use  no  oil  whatever  in  the  preparation.  I  merely  take  a 
new  jilate,  and  polish  it  with  the  diluted  acid,  and  a  little  fine 
rottenstone,  changing  the  cotton  and  rottenstone  two  or  three 
times,  and  then  take  a  clean  bundle  of  cotton-wool,  which  I 
dip  or  daub  on  a  little  fine  dry  Tripoli,  and  with  that  give  a 
finishing  lustre  to  the  plate.  I  then  lay  the  plate  into  ii  fninie 
which  exactly  fits  the  iodine-box  with  its  outer  edge,  while 

the  plate  fits  the  | -  aperture  exactly,  having  a  ledge  to 

rest  on  like  this,  j  plate  The  use  of  this  frame  is  to  prevent 

the  iodine  from  — ^ -  attacking  the  edge  of  the  ]date  and 

spoiling  it,  before  the  centre  has  got  enough  of  iodiiu'.  The 
iodine-box  which  1  use  is  about  3  inches  from  tiie  bottom  to 
the  face  of  the  plate,  which,  in  summer,  takes  from  li  to  2 
minutes  in  being  iodinizcd.  The  plate  should  be  rc  .  i  rsed  in 
its  position  while  the  oiieration  is  going  on,  so  that  it  may  be 
more  regularly  coated  ;  and  the  lid  of  the  box  should  be  opened 
and  shut  very  gently,  lest  it  raise  up  some  particles  of  iodine, 
which  would  attack  the  plate  and  cover  it  with  black  spots. 
The  plate  is  next  to  be  put  into  the  frame,  and  exposed  to 
the  action  of  light  in  the  camera,  where,  in  summer,  it  should 
renniin  from  0  to  10  minutes,  according  to  the  intensity  of 
the  light  and  the  time  of  the  day.  At  present,  an  exposure 
for  15  minutes  in  the  camera  will  be  I'eipiired. 

The  next  part  of  the  process  is  the  mercurializing  of  the 
jiicture,  which  is  certainly  the  most  difficult  part  of  the  whole  ; 

*  l>.''f(irc  tlic  Society  of  Arts  for  Scotland  November  2a.  I!i40. 
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and  here  I  entirely  dilFer  from  Daguerre.  He  recommends 
the  mercury  to  be  raised  to  about  160%  and  then  to  take  away 
the  lamp  till  the  mercury  fall  to  about  120°.  This  will  doubt¬ 
less  give  a  picture,  but  not  a  clear  and  brilliant  one.  I  raise 
the  mercury  to  about  165°,  or  from  that  to  170°.  About  10 
minutes  should  be  occupied  in  raising  the  temperature,  and 
about  10  or  15  in  letting  it  fall,  in  order  to  produce  a  brilliant 
picture.  The  operation  may  be  sooner  completed  by  raising 
the  mercury  higher,  but  the  picture  would  be  harsh  and  par¬ 
tially  blighted.  The  only  way  by  which  I  have  been  able  to 
obtain  good  picture  has  been  by  tinding  what  length  of  ex¬ 
posure  in  the  camera  was  retpiired  to  cause  the  picture  appear 
faintly  when  the  mercury  was  raised  to  165°  or  170°,  and 
then,  wliile  the  mercury  was  falling,  by  arowing  it  the  time 
already  stated,  the  picture  came  out  with  great  force  and  bril¬ 
liancy,  free  from  the  disagreeable  dark  blue  tint  which  is  in¬ 
variably  found  in  the  French  Daguerreotypes,  and  always  will 
bo  by  the  process  in  the  mercury,  as  described  and  recom- 
ipended  by  DagutTre.  Hut  it  must  be  observed  that,  if  the 
picture  has  been  kept  too  long  in  the  camera,  it  will  never 
stand  the  proper  action  of  the  mercury,  but  w  ill  be  completely 
spoiled. 

The  last  part  of  the  process  is  to  remove  the  iodine  from 
the  picture  by  washing  it  with  a  solution  of  common  salt,  or 
the  hyposulphite  of  soda,  anti  then  with  pure  water. 

If  the  plate  has  been  exposed  to  the  action  of  mercury  pre¬ 
viously  to  its  being  polished,  it  must  be  heated  as  recommend¬ 
ed  by  Daguerre,  but  1  pulish  it,  as  before,  without  oil. 

Having  thus  given  a  brief  description  of  the  process  of  Da- 
guerreotyping,  I  shall  next  shew  the  action  of  light  in  the 
camera,  and  the  method  by  which  a  flat  and  large  picture  is 
obtained,  pointing  out  the  errors  that  still  exist  in  the  Daguer¬ 
reotype  camera,  and  endeavouring  to  demonstrate  that  the 
error  in  the  lenses  will  be  in  Paris  only  the  one-half  of  what 
it  is  here,  and  that  the  Parisians  ought,  therefore,  to  produce 
superior  impre.ssions.  It  must  be  obvious  to  all  who  are  ac- 
(pwinted  with  the  science  of  optics,  that  the  lens  in  the  Da¬ 
guerreotype  camera  is  not  only  placed  in  its  worst  position 
with  respect  to  .spherical  aberration,  but  that  the  focu.s  of  the 
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lens  must  be  shorter  in  the  centre  than  at  the  extremities, 
which  I  shall  endeavour  to  explain  by  the  following  diagram. 
(See  Plate  III.  fig.  1.) 

Let  A  B  C  D  (Fig.  1  be  a  Daguerreotype  camera-box,  E  F  the 
lens  or  achromatic  object-glass,  HI  an  object  placed  before  the 
camera,  and  DD  the  picture  formed  in  the  focus  of  the  lens. 
Now,  it  must  be  evident  to  all,  that,  in  order  to  give  a  flat  pic¬ 
ture,  the  focus  of  the  lens  must  be  longer  at  the  edges  than 
at  the  centre,  in  proportion  as  the  edge  of  the  picture  at  B 
and  D  is  greater  in  distance  from  the  lens  than  the  centre  at 
g.  The  lens  must  therefore  be  so  constructed  as  to  have  a 
focus  gradually  increasing  in  length  from  the  centre  towards 
the  circumference.  Be  the  lens,  however,  as  perfect  as  it  may, 
yet,  by  attending  to  FTg.  1,  we  shall  find  that  it  will  not  even 
then  give  a  perfect  focal  image.  F^or,  suppose  a  ray  of  light 
from  the  object  I  to  fall  on  the  centre  of  the  lens  at  c,  this 
ray,  after  refraction,  cannot  reach  the  picture  at  B,  but  its 
focus  will  be  at  a,  seeing  the  centre  of  the  lens  is  shorter  in 
focus  than  the  edge.  Let  another  ray  of  light  from  the  object 
at  I  fall  on  the  extremity  of  the  lens  at  E,  we  shall  find  its 
focus  at  b.  Thus  the  difference  of  focus  betwixt  the  central 
and  extreme  ray  will  be  as  great  as  from  a  to  b,  uhile  the 
general  focus  will  be  betwixt  the  extremes  as  at  B.  Hence 
the  picture  cannot  be  perfectly  distinct  in  consequence  of  this 
error,  which  exists  not  merely  in  theory  but  in  practice.  To 
demonstrate  this,  I  took  a  thin  plate  having  a  hole  in  it  about 
ith  of  inch  in  diameter,  see  Fig.  2 ;  I  then  placed  this  little 
hole  in  the  centre  of  the  object-glass  as  at  c.  Fig.  1,  and, 
having  stationed  a  candle  as  at  I,  I  tried  to  obtain  the  focal 
image  as  at  a.  I  next  put  the  little  hole  or  aperture  on  the 
object-glass  at  1,  and  found  that  even  then  the  focus  was 
considerably  longer  than  at  c.  I  now  put  the  small  hole  to 
the  extreme  part  of  the  lens  as  at  E,  when  the  focus  was  ob¬ 
served  to  be  still  farther  lengthened,  and,  on  comparing  the 
experimental  result  with  the  above  theory,  I  found  them 
exactly  to  agree. 

I  shall  next  endeavour  to  demonstrate,  from  the  above  facts, 
the  very  great  advantage  the  French  have  over  us  in  conse¬ 
quence  of  these  imperfections  in  the  Daguerreotype  camera. 
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Let  Fig.  3  represent  the  same  as  Fig.  1,  with  this  difference 
only  that  the  stop  or  diaphragm  S  T,  in  front  of  the  lens,  is 
smaller,  so  that  a  ray  of  light  from  the  object  at  I  could  not 
possibly  fall  on  the  centre  of  the  lens,  but  half-way  betwixt 
the  centre  and  the  edge  as  at  1.  From  what  has  already  been 
said  respecting  Fig.  1,  it  will  be  evident  that  the  exTor  or  dis- 
agx’eement  of  focus  must  in  this  case  be  only  the  one-half  of 
what  it  is  in  Fig  1,  just  as  E  Lis  half  of  E  c.  Hence,  in 
Paris  or  Italy,  if,  fi’oin  clearness  of  the  atmosphere  and  in¬ 
tensity  of  the  light,  there  be  as  much  light  refracted  through 
the  lens  in  Fig.  3  as  there  is  through  that  in  Fig.  1  in  this 
country,  the  pictures  taken  there  should  have  double  tlie  fine¬ 
ness  and  sharpness  of  outline  in  comparison  with  ours,  if  their 
lenses  be  equally  good  ;  or,  should  they  use  the  same  dimen¬ 
sion  of  stop  or  diaphragm  as  we  do,  then  their  picture  should 
double  ours  in  force  and  brightness  ;  which  I  have  no  hesita¬ 
tion  in  saying  they  would,  if  the  process  and  apparatus  were 
the  same.  Having  thus  pointed  out  the  disadvantages  we 
labour  under  in  Dagueireotyping,  I  shall  make  a  few  observa¬ 
tions  on  the  taking  of  miniatui'e  portraits  of  the  Daguerreo¬ 
type.  (Fig.  4.) 

It  has  already  been  observed,  that,  in  taking  lai'ge  and  flat 
Daguerreotype  views,  the  lens  is  placed  in  its  worst  position, 
at  lea.st  if  we  were  going  to  use  it  as  a  telescope ;  and  in 
taking  miniature  portraits  the  lens  requires  to  be  more  like  that 
for  a  telescope  than  for  a  Daguerreotype,  as  in  this  case  the 
rays  require  to  be  rather  concentrated  in  a  small  space  than 
spread  over  a  large  surface.  The  lens  required  for  taking 
large  Daguerreotype  views  will  do  equally  well  for  taking  mi¬ 
niature  porti-aits.  The  only  change  required  is  to  set  the  lens 
in  a  double  screwed  cell,  as  shewn  at  EF,  Fig.  4,  and  to  screw 
in  the  lens  with  its  convex  side  to  the  object,  the  same  as  in 
a  telescope,  when  you  are  taking  a  miniature  portrait,  at  the 
same  time  removing  the  stop  in  front  of  the  lens,  and  re¬ 
placing  it  by  one  of  nearly  double  the  diameter.  In  using  the 
lens  for  large  pictui’es,  again,  it  must  be  sci'ewed  in  wdth  its 
concave  side  towards  the  object,  and  the  small  stop  must  be 
restored  in  front.  The  time  required  for  taking  a  miniature 
portrait  will,  by  the  use  of  the  larger  stop,  and  the  con.sequent 
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inorease  of  light,  be  about  the  same  as  that  occupied  in  taking 
landscapes  or  other  distant  objects.  The  Parisians  will,  of 
course,  liave  the  same  advantage  over  us  in  taking  portraits 
as  in  taking  other  objects,  in  consequence  of  their  greater  in¬ 
tensity  of  light. 

These  are  the  results  of  my  experiments  in  Daguerrfeotype, 
which  I  have  stated  as  briefly  as  possible,  th  ;t  I  might  not 
take  up  too  much  of  the  V!<luable  time  of  this  Society. 

Oh  the  Epochs  of  Vegetation.  By  M.  Henry  Berghaus  of 
Berlin. 

Nature  has  made  essential  distinctions  in  the  period  of  ger¬ 
mination,  which,  as  is  well  known,  are  in  a  great  measure 
caused  by  the  constitution  of  the  seeds  themselves.  Thus 
rye,  millet,  and  most  of  the  cerealia,  germinate  in  two  or  three 
days  ;  lettuce,  the  gourd,  and  the  water-cress,  in  from  five  to 
seven  ;  the  bean  and  onion  in  about  twenty ;  parsley  in  forty 
days ;  columbine,  the  almond,  the  chestnut,  the  peony,  the 
hazel-nut,  &c.  in  from  six  to  eight  months  ;  and,  finally,  the 
rose  germinates  between  the  first  and  second  year. 

As  caloric  is  the  most  powerful  of  the  agents  which  ope¬ 
rate  on  vegetation,  so  must  it  also  exei’cise  the  greatest  and 
most  direct  influence  on  germination.  Consequently  the  prin¬ 
ciple  may  be  adopted  that  this  phenomenon  of  vegetable  growth 
stands  constantly  in  connection  with  the  ditterent  degrees  of 
temperature  of  the  soil  by  which  the  se(‘ds  arc  surrounded. 

AVe  recognise  a  more  evident  proof  oi  the  truth  of  this  prin¬ 
ciple  in  the  fact  that  the  seeds  of  tropical  plants,  when  sown 
in  temperate  climates,  germinate  much  later  than  in  their 
native  soils  ;  while  the  germination  of  seeds  of  colder  coun¬ 
tries  is  extraordinarily  hastened  by  their  being  sown  in  tem¬ 
perate  climates. 

Hence,  in  the  g;  eenhouses  of  our  botanic  gardens,  we  must 
elevate  the  temperature  considerably  in  order  to  induce  ger¬ 
mination  in  the  seeds  ol  tropical  countries ;  and  hence  we 
must  shelter  the  seeds  of  northern  countries  in  the  coldest  and 
most  shady  spots  in  order  to  hasten  their  vegetation. 

1  he  dift'erence  of  temperature,  bkewise,  which  occasionally 
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occurs  in  one  and  the  same  season  in  different  years  exercises 
a  great  influence  on  the  epochs  of  germination.  In  fact,  we 
not  unfrequently  see  that  seeds  of  the  same  plants  germinate 
much  earlier  when  the  spring  arrives  soon,  and  a  mild  rainy 
winter  had  preceded  it,  but  much  later  when  the  heat  of 
spring  has  been  delayed  by  a  severe  winter. 

Fronde  cence,  that  is  the  unfolding  of  the  leaf-buds,  is  sub¬ 
jected  to  the  same  changes  which  are  observable  in  the  ger¬ 
mination  of  seeds  ;  for  the  difference  of  climate  and  that  of 
the  seasons  exercise  the  greatest  influence  on  this  second  epoch 
of  vegetation. 

The  Lilac  ( Springa  vulgaris)  unfolds  its  leaves. 

In  the  neighbourhood  of  Naples  (Lat.  41°),  in  the  first  half 
of  the  month  of  January. 

Near  Paris  (Lat.  49°),  as  observed  during  many  years,  on 
the  12th  INIarch,  as  a  mean. 

In  the  middle  districts  of  Sweden,  Upsala  (Lat.  60°),  at  the 
beginning  of  March. 

The  Elm  (Ulmus  campestris )  unfolds  its  leaves, 

At  Naples,  at  the  beginning  of  February  ; 

At  Paris,  in  the  month  of  March ; 

In  England,  on  the  15th  April ; 

At  Fpsala,  in  the  middle  of  March. 

The  Birch  (Betula  alia )  unfolds  its  leaves. 

At  Naples,  in  the  month  of  March  ; 

At  Paris,  in  April ; 

In  England,  the  29th  March  ; 

At  Upsala,  in  the  first  days  of  May. 

The  Beech  ( Fagus  sglvatica )  unfolds  its  leaves, 

At  Naples,  tow’ards  the  end  of  ^larch ; 

In  England,  the  1st  May ; 

At  Upsala,  in  the  first  days  of  May. 

The  Lime-tree  ( Tilia )  unfolds  its  leaf-buds, 

At  Naples,  towards  the  end  of  March  ; 

In  England,  the  13th  April ; 

At  Upsala,  in  the  first  days  of  May. 

The  Oak  ( Quercus )  unfolds  its  leaves, 

At  Naples,  the  beginning  of  April : 
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At  Paris,  in  May  ; 

In  England,  the  26th  April ; 

At  Upsala,  the  first  days  of  May. 

Investigations  made  regarding  the  various  periods  of  the 
development  of  the  flowers  or  efflorescence  in  the  middle  lati¬ 
tudes  of  Europe  and  North  America,  according  to  a  communi¬ 
cation  made  hy  my  friend  the  late  IMr  Schiibler,  prove,  as  a 
general  result,  that  the  development  of  flowers  is  four  days 
later  for  each  degree  of  latitude  towards  the  north.  Accord¬ 
ing  to  corresponding  observations  which  were  made,  at  the 
re(|uest  of  Schiibler,  by  the  naturalists  assembled  at  Berlin  in 
the  autumn  of  1828,  during  the  following  summer  at  Parma 
in  Lombardy,  and  in  various  i)laces  farther  to  the  north,  it  ap¬ 
peal’s  that  the  same  plants  flower  at  Zurich  six  days  later  than 
at  Parma,  at  Tubingen  thirteen  days  later,  at  Jena  seventeen, 
at  Berlin  twenty- five,  at  Hamburgh  thirty-three,  at  Greifswald 
thirty-six,  and  at  Christiana  no  less  than  fifty-two  days  later 
than  at  Parma. 

This  likewise  holds  good  in  a  corresponding  way  with  vege¬ 
tation  at  points  at  a  higher  elevation.  In  a  district  lying  1000 
feet  higher,  the  growth  of  plants,  in  our  geographieal  position, 
is  rendered  at  least  ten  to  fourteen  days  later. 

In  Saxony  the  following  observations  were  made  in  the 
years  1833  and  1834,  regarding  some  of  the  periodical  pheno¬ 
mena  of  the  vegetable  kingdom  which  depend  on  the  influence 
of  the  climate  ;  and  the  subjects  of  these  experiments  were  the 
chief  plants  used  as  food. 


ri  ice — Absolute  Height. 

Period  of  Sowing. 

Kllloresceiice.  j  Harvest. 

Vi’iN'TF.it  Wheat,  Triticum  rulijare. 

Feet. 

Valley  of  the  Ell)e,  S.'iO-K'O 
Freiberg,  .  KfOO-liOO 

fVt.  1.-22. 

Sept.  12. -Oct.  2. 

1  Hay  24. -.June  1.5. 'July  20.- Aug.  8. 
June  lO.-July  l.i-Vug.  10.-20. 

Kve,  Secnie  cercalc. 

Valley ofthe Elbe, 3i"0-4(M>  | 
Freiberg,  .  I(!<j0-1200 

Marienberg,  1  jyoQ.oooo 
.\nnaberg,  )  \ 

Wiceonthel,  .  5;700-28(X) 

Oct.  1.-20. 

Sept.  14. -Oct.  18. 

Sept.  1(1. -Oct.  19. 

1  Sept.  18.-Oct.  3. 

May  20.-June  10. '  Julj*  4.-24. 

1  May  22.-June  12.  j  Aug.  1.-14. 

|June  2(1.-July  0.  |  Aug.  10.- Sept.  1,5. 
'June  28. -July  4.  j  .\ug.  30.. Sept.  12. 

I 
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Pl-xce — AUsolute  Height. 

Period  of  Sowing. 

1  Efflorescence.  1 

Harvest. 

O.VTS,  Arena  satira. 

Fiet. 

Valley  of  the  Elbe,  350-400 
Freiberg,  .  1000-1200 

Marienberg,  |  is^.^oOG 
Annaberg,  ) 

Wiesenth^,  .  2700-2800 

April  1.-30.  1 

April  20.- May  20. 

j  April  20.-May  25. 
May  16.-31. 

June  l.-July  8. 
July  15.-25  ! 

July  24.-Aug.  10. 

'  July  30.-.\ug.  16. 

[  July  26.- Sept.  6. 

1  Aug.  15.-Sept.  16. 

'  Sept.  6-28. 

Sept.  6-28. 

Barley,  IJordeum  oeatiriim. 

Valley  of  the  Elbe,  350-400  April  14.-May  10. 
Freiberg,  .  1(K)0-1200  May  4.-10. 

Marienberg, &c.  1900-2800  May  5.-18. 

June  17.- July  19. 
'July  25.-.\ug.  lO.j 
July  30.- Aug.  15. 1 

July  18.-Aug.  19. 
Aug.  £5.-Sept.  16. 
Aug.  25.-Sept.  20. 

The  Potato,  Solnniim  tuberosum  (common,  not  earlj'). 

Valley  of  the  Elbe,  350-4(Xt  April  lO.-May  20. .  June  9.-Aug.  1.  I  Sept.  15.-0ct.  £0. 

Freiberg,  .  10(X)-1200  April  6.-May  24. 1  July  l.-Aug.  2(1.  I  Sept.  20.-Oct.  28. 

Annabe^*^*^’ I  |  April  lO.-May  30.  July  4.-Sert.  1.  |  Sept.  22.-Oct.  30. 

Wiesenthal,  .  2700-2800  i  May  12.-June  0.  j  Aug.  18.-Sept.  12.  Sept.  28.-Oct.  30. 


In  higher  latitudes,  in  districts  situated  in  the  north  of  Ger¬ 
many,  the  development  of  vegetation  is  less  retarded  than  in 
more  southern  positions  ;  the  delay  of  the  development  of  ef¬ 
florescence  between  Hamburgh  and  Christiania  amounts  to 
only  3.4  days  for  one  degree’s  approach  towards  the  north, 
while  that  between  Southern  Germany  and  Smyrna  in  Asia 
Minor,  which  is  in  the  same  parallel  as  the  most  southern  por¬ 
tions  of  Europe,  amounts  for  the  same  space  to  7.4  days. 

The  cause  of  this  difference  arises  from  the  different  lengths 
of  the  days,  which  in  higher  latitudes,  during  the  warm  period 
of  the  year,  increase  in  a  much  greater  degree  than  they  do 
in  southern  parallels,  by  which  the  vegetation  is  hastened  in¬ 
to  development  more  speedily  ;  and  it  is  only  in  this  way  that 
it  is  possible  in  higher  latitudes  for  various  summer  plants  to 
reach  their  requisite  maturity. 

Some  plants  exhibit  in  this  respect  remarkable  differences  ; 
the  activity  of  vegetation  is  not  increased  in  equal  proportions 
in  different  plants  by  the  same  elevation  of  temperature.  Plants 
of  northern  climates  are  less  retarded  in  their  development  at 
the  same  low  temperature  than  are  plants  of  more  southern 
regions.  If  we  compare  Europe  with  America,  we  find  that 
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In  the  Niw  Woi  lil,  In  the  Old  World. 

Perth-Aiahov  (Jersey),  Naples,  Ttit'hii?en, 

I. at.  40°  20'  40°  jl’  Jl' 

The  Peach  tree  blossoms  the  21st  April,  the  8th  February,  the  6tli  April. 

The  Pear-tree,  .  .  .  £7th  April,  8th  !March,  4tli  May. 

The  Apple-tree,  ,  ,  .  2d  May,  8th  March,  8tli  May. 

Between  Pertli-Amboy,  on  the  east  coast  of  North  America, 
and  Naples,  there  is  therefore  a  difference  in  the  ffowering 
period  of  the  peach-tree  of  ten  weeks,  although  the  two  places 
are  nearly  under  the  same  parallel ;  and  there  is  a  difference 
of  six  weeks  in  the  case  of  the  peai’-tree,  and  eight  in  the 
apple.  Perth-Aniboy,  however,  lies  on  the  isothermal  pa¬ 
rallel  of  12  j°,  while  Naples  is  nearly  on  that  of  17°.  At  the 
former  place,  the  winter  has  a  temperature  of  only  32  .54  F., 
and  at  the  latter  of  50°  F.  The  mean  temperature  of  April 
at  New  York  (Lat.  40°  40  )  is  49°.  1  F.,  and  at  Tubingen  48°.2  F. 
Amggdalus  persica  therefore  requires  for  the  development  of 
its  blossoms  at  least  48°.2  F.,  and  Naples  has  that  tempera¬ 
ture  in  the  month  of  February. 

The  third  epoch  of  vegetation,  the  ripening  of  the  fruit,  or 
fructification,  is  subjected  to  the  same  variations  as  the  pre¬ 
ceding  epochs,  both  as  regards  the  influence  of  the  thermal 
nature  of  the  season  for  one  and  the  same  place,  and  the  dif¬ 
ference  of  climate  in  different  latitudes. 

The  wheat  harvest  begins  in  the  neighbourhood  of  Naples 
in  June,  in  Central  Germany  in  July,  in  the  south  of  Eng¬ 
land  and  in  the  middle  districts  of  Sweden  on  the  4th  Au¬ 
gust. 

The  barley-harvest  takes  place  at  Naples  in  June,  in  Cen¬ 
tral  Germany  about  the  end  of  July  or  beginning  of  August, 
in  FAigland  on  the  I4th  August,  and  in  the  middle  districts  of 
Sweden  on  the  4th  August. 

Ripe  cherries  are  to  be  had  in  Naples  in  the  first  days  of 
Mi  ly,  in  Paris  towards  the  end  of  June,  in  Central  Germany 
about  the  end  of  June,  and  in  the  south  of  England  not  till 
the  22(1  July. 

Owing  to  the  comjiaratively  higher  temperature  which  pre¬ 
vails  in  summer  in  Sweden,  and  to  the  more  r:ipid  vegetation 
there  than  in  England,  the  wheat  hiurvest  does  not  tidre  phice 
soonr  r  in  the  south  of  I'ingland  than  at  Upsala,  but  occurs 
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a])out  the  same  time  ;  and  barley  is  ten  days  later  of  ripening 
in  England  than  in  Sweden.  For  July,  in  England,  has  a  mean 
temperature  of  60’.8  F.,  and  about  62  .6  F.  at  Upsala ;  and 
August  in  England  has  a  mean  temperature  likewise  of  about 
60°.8  F.,  and  in  Sweden  about  the  same,  viz.  60°.26  F. 

If  we  adopt  the  observations  made  iluring  two  years  in 
Saxony,  we  find,  as  the  mean  result,  that,  from  efflorescence 
to  ripeness  of  fruit,  56  days  are  required  for  wheat,  59  for 
rye,  31  for  barley,  45  for  oats,  and  68  days  for  the  potato. 

According  to  the  observations  made  in  Wiirtemberg,  which 
were  continued  for  several  years,  the  same  period  of  vegeta¬ 
tion  required  56.4  days  for  rye  ;  42^  for  Triticum  spelta  ;  51^ 
for  winter  barley  ( Honieum  vulgare )  ;  25  for  summer  barley 
( H.  cestivnm )  ;  and  25^  days  for  oats. 

In  the  portion  of  the  valley  of  the  Elbe,  which  is  in  Saxony, 
taking  the  mean  of  the  two  years  1833  and  1834,  the  vine 
Howered  on  the  17th  June,  and  the  vintage  began  on  the  16th 
October.  Between  the  two  epochs  there  is  a  period  of  121 
days.  In  W  urtemberg,  the  ntis  cinijera  retpiires  119.3  days  ; 
and  near  Stuttgart  the  vintage  commences  on  the  15th  Octo¬ 
ber,  taking  the  mean  of  65  years. 

From  the  comparison  of  the  Saxon  data,  there  results  that, 
for  every  100  Parisian  feet,  there  is  a  delay 

in  flowering.  In  the  harvest, 


Of  wheat, 

2.2  days. 

2.2  days. 

Of  rye. 

1.3 

2.2 

Of  *  ats, 

2.0 

1.4 

Of  barley. 

2.2 

2.2 

Of  potatoes,  2.3 

0.5 

The  approximate  results  differ  considerably  from  the  de¬ 
terminations  calculated  by  Schiibier. 

As  to  the  fall  of  the  leaf  or  defoliation,  the  hazel-nut  tree, 
tlie  ash,  the  lime,  the  poplar,  and  the  maple,  lose  their  leaves 
at  Upsala  at  the  very  beginning  of  autumn  ;  while  in  the 
neighbourhood  of  Naples  they  remain  in  full  foliage  during 
the  whole  month  of  November.  The  apple-tree,  the  tig-tree, 
the  elm,  the  birch,  and  the  different  kinds  oi  oak,  which  in 
Paris  are  deprived  of  their  leaves  at  the  beginning  of  No¬ 
vember,  retain  them  at  Naples  till  the  end  of  December. 
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In  England,  the  vvallnut  is  one  of  the  first  trees  which  loses 
its  leaves ;  and  after  it  the  mullberry,  the  ash,  especially 
when  it  has  had  much  blossom,  and  then  the  horse-chestnut. 
All  supported  trees,  so  long  us  their  heads  are  sound,  retain 
their  leaves  for  a  long  time.  Apple  and  peach  trees  often  re¬ 
main  green  till  the  end  of  November.  Young  beeches  never 
cast  their  leaves  before  the  New  Year,  and  only  do  so  when  the 
new  leaves  force  them  off ;  tall  beeches  lose  their  leaves  towards 
the  end  of  October. — From  Berghaus's  Almanack f Hr 


On  certain  Peculiarities  in  the  Structure  of  the  Short  Sun-Fish 

(Orthagoriscus  Mola).*  By  John  Goodsib,  Escp,  M.W.S. 

Communicated  by  the  Author.  With  a  Plate.  (PI.  IV.) 

The  anatomy  of  an  animal  or  vegetable  may  be  investi¬ 
gated  and  described  with  two  objects  in  view  ;  first,  the  elu¬ 
cidation  of  its  habits,  and  of  its  true  place  in  the  system  ;  or, 
secondly,  the  discovery  of  the  laws  which  regulate  organic 
form  and  tissue  (Morphological  and  Teleological  laws). 

It  is  with  the  latter  object  in  view  that  I  have  now  to  offer 
a  few  observatioiis  on  certain  peculiarities  in  the  structure  of 
the  sun-fish,  as  confirmatory  of  some  of  the  principles  to  which 
I  have  just  alluded. 

The  anatomy  of  this  fish  has  been  investigated  by  Dr  Ja¬ 
cob,  in  a  paper  which  I  have  not  had  an  opportunity  of  con- 
sulting.t  Cuvier  and  Meckel,  in  their  Systems  of  Compara¬ 
tive  Anatomy,  have  recorded  its  various  peculiarities,  but  as 
the  observations  of  these  anatomists  have  a  reference  to  its 
general  structure,  I  shall  not  have  occasion  to  refer  again  to 
their  liibours.t 


*  Koad  before  tlie  Wernerian  Society  12th  December  1040. 
t  Dublin  Philosophical  Journal,  November  1020,  referred  to  by  Mr 
Yarrel. 

J  Since  this  p.apor  was  written,  I  have  seen  .a  Leyden  Inaugural  Dis¬ 
sertation,  May  1040,  P.  H.  J.  Wcllenbergh,  “  Observationes  Anatoniicae 
de  Orthragorisco  Mola.”  The  author  gives  a  detailed  account  of  the 
skeleton,  intestinal  can.al,  and  heart,  but  throws  no  light  on  any  of  tho 
subjects  treated  of  by  me. 
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Structure  of  the  Short  Sun-Fish. 

The  specimen  I  had  an  opportunity  of  examining  was  the 
very  large  individual  lately  procured  for  the  Natural  History 
Museum  of  the  University  of  Edinburgh.*  It  measured  five 
feet  eight  inches  from  the  snout  to  the  tail,  three  feet  three 
inches  from  the  tip  of  the  dorsal  to  the  tip  of  the  anal  fin, 
and  weighed  four  hundred  and  eighty-nine  pounds. 

On  commencing  to  remove  the  skin,  which  was  found  to  be 
rather  a  difficult  operation,  in  consequence  of  the  total  defi¬ 
ciency  of  any  structure  resembling  the  dermis,  1  found  that 
the  coloured  and  tubercular  layers  of  the  integuments  were 
attached  to  the  external  surface  of  a  structure  or  tissue  of  a 
very  peculiar  kind.  This  tissue  extended  in  the  form  of  a 
layer,  varying  from  one-fourth  of  an  inch  to  six  inches  in 
thickness,  all  over  the  body,  head,  and  fins.  It  was  thickest 
along  the  median  line  of  the  back  and  belly,  of  medium  thick¬ 
ness  along  the  sides,  and  thinnest  on  the  surface  of  the  fins. 
Large  and  thick  masses  of  it  enveloped  the  bones  of  the  cra¬ 
nium,  and  enclosed  the  opercular  laminae  and  branchiostegous 
rays.  The  soft  cartilaginous  bones  were  imbedded  in  such  a 
manner  in  its  substance  that  they  presented  the  appearance 
of  nuclei  in  it,  and  resembled  the  first  traces  of  the  skeleton 
in  the  early  embryo.  The  most  distant  or  peripheral  elements 
of  the  skeleton,  the  fin-rays,  and  certain  parts  of  the  opercu¬ 
lar  apparatus,  were  so  much  softer  and  more  delicate  than 
the  tissue  in  which  they  were  imbedded,  and  so  completely  de¬ 
ficient  in  any  periosteal  covering,  that  they  could  only  be  dis¬ 
covered  in  the  fresh  state  by  their  translucency. 

This  peculiar  tissue  was  separated  from  the  muscular  sub¬ 
stance  in  its  neighbourhood  by  the  ordinary  loose  filamentous 
structure  (cellular  membrane).  Its  relation  to  the  skin  was 
very  peculiar,  and  will  be  explained  after  the  structure  of  the 
tissue  itself  has  been  described.  The  tissue  was  inelastic, 
tough,  of  a  dead  white  appearance,  resembling  lard,  granular 
when  torn,  and  presented  very  slight  traces  of  vascularity,  and 
these  only  in  the  neighbourhood  of  certain  parts  of  the  skele¬ 
ton.  It  discharged  no  oil,  but  on  standing  a  quantity  of  watery 

*  This  specimen  was  found  in  shallow  water  in  the  Frith  of  Forth  at 
Culross,  lying  sluggishly  on  one  side,  but  making  vigorous  resistiince  when 
attacked. 
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fluid  exuded,  iind  its  bulk  was  considerably  diminished.  When 
boiled,  it  dissolved  into  a  gelatinous  mass,  which  passed  in  the 
form  of  a  clear  transpai'ent  liquid  through  flannel.  A  few 
shreds  of  animal  matter  remained.  This  fluid  on  cooling 
hecame  a  fine  jelly,  inodorous  and  tasteless.  The  greater  part 
of  this  tissue,  then,  is  composed  of,  or  may  be  convei’ted  into, 
gelatine.* 

VV'hen  thin  sections  were  examined  under  the  microscope, 
it  was  found  to  consist  of  a  congeries  of  cells,  w  hich  exhibited 
all  the  characters  of  ti'ue  primitive  cells,  each  containing  its 
own  nucleus,  and  the  latter  a  number  of  minute  nucleoli. 
These  cells  were  all  spherical,  or  rather  belonged  to  the  order 
of  spherical  cells,  for  they  appeared  occasionally,  when  much 
crowded  together,  to  be  flattened  at  the  points  of  contact,  so 
as  to  assume  the  dodecahedral  form.  After  careful  examina¬ 
tion,  1  could  detect  no  fat  globules  either  in  the  interior  of  the 
cells  or  in  the  spaces  between  them  They  appeared  to  be 
filled  with  a  transparent  fluid,  w’hich,  in  individual  cells,  r'e- 
fraeted  the  light  w'ith  great  brilliancy.  The  cells  adhered 
very  firmly,  a  circumstance  which  accounted  for  the  peculiar 
toughness  of  the  tissue.  Bloodvessels  w'ere  detected  in  some 
of  the  sections,  but  they  assumed  the  appearance  more  of  in¬ 
tercellular  spaces  than  of  true  vascular  canals.  Not  having 
any  eflicient  micrometrical  apparatus  at  the  time,  I  could  only 
judge  of  the  size  of  the  cells  by  comparing  them  with  human 
blood-globules.  I  by  this  means  ascertained  that  the  cells  in 
the  gelatinous  tissue  of  the  sun-fish  were  about  a  third  larger 
than  human  blood-globules,  that  is  .000332  to  .000505  of  an 
inch. 

There  was  no  trace  of  dermis  or  true  skin,  the  coloured  la¬ 
mina  of  the  integument  appearing  to  be  merely  tlie  superfi¬ 
cial  layer  of  the  peculiar  cellular  tissue,  changed  by  the  de¬ 
position  of  colouring  matter  in  the  cells  to  ada])t  it  to  its  j)ro- 
per  function.  The  peculiar  tissue  must  either  be  looked  upon 
as  the  true  skin  itself,  or  more  correctly  it  must  be  considered 
as  the  primitive  nucleated  vesicular  tissue  of  the  embryo  fi  h. 


*  I  am  indebted  to  Ur  Atken  for  this  account  of  the  chemical  <  on«ti- 
tution  of  tlie  ti.ssuo. 
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from  which  the  pigmentary  and  tubercular  layers  of  the  skin 
has  ah’eady  been  developed,  but  from  which  the  conversion 
into  true  skin  has  not  begun,  and  that  of  the  peripheral  bones 
has  been  arrested.* 

From  what  I  have  now  stated,  it  is  evident  that  the  interest 
to  be  attached  to  this  tissue  consists  in  its  purely  embi’yonic 
cliaracter.  The  general  appearance  of  the  cells,  their  nuclei 
and  nucleoli,  the  unifoi’mity  of  the  tissue  in  every  part  of  the 
animal,  and  its  chemical  composition,  all  indicate  Ciiis  character; 
and  when  taken  in  connection  with  the  embryonic  state  of  the 
bony  tissue,  and  the  rudimentary  condition  of  the  muscular 
system,  forms  a  very  interesting  and  important  character  in 
the  species,  and  probably  in  the  order  of  tishes  to  which  the 
one  under  consideration  belongs. 

In  a  teleological  point  of  vie^v  it  is  important,  as  it  points 
to  the  existence  of  certain  laws  which  regulate  the  develop¬ 
ment  of  animal  tissues,  namely,  first.  In  the  organic  series, 
tissues  ns  well  as  forms  undergo  progressive  development ;  se¬ 
condly,  This  progressive  development  of  the  tissues  mag  be  re¬ 
tarded,  retaining  their  earlg  embryonic  condition  in  certain  beings 
in  the  .series;  and,  thirdly.  Tissue  is  subordinate  to  form.\ 
A  sun-fish,  in  fact,  as  well  as  other  fishes  of  its  order,  is  as 
highly  developed,  in  so  far  as  regards  fonn,  as  any  in  the  class ; 
in  cei’tain  of  its  tissues  it  is  still  in  the  condition  of  an  embryo. 

The  second  peculiarity  to  which  I  shall  refer,  is  the  form  of 
the  caudal  fin  of  the  orthagoriscus.  The  naturalist  is  familiar 
with  its  truncated  shape,  but  the  anatomist  has  not  yet  ascer¬ 
tained  the  cause  of  the  peculiarity  of  this  part  of  the  skele- 

*  Meckel,  Compar.itive  An.itomy,  French  edition,  toin  v.  p.  185.  Ac¬ 
cording  to  the  observations  of  Dr  Jacob,  in  the  Dublin  Philosophical 
Journal,  the  cetacea  have  no  dermis,  except  we  consider,  along  with  him, 
that  the  blubber  is  the  true  skin  distended  with  oil.  The  subcutaneous 
fat  of  the  cetacea,  however,  differs  from  the  gelatinous  vesicular  tissue  of 
the  sun-fish  in  having  no  primitive  cells  in  its  constitution,  consisting  of 
common  fibrous  tissue  inclosing  in  its  areolaj  fat  or  oil  cells.  It  may, 
nevertheless,  be  considered  as  a  tissue  in  which  some  of  the  primitive  cells 
have  been  developed  into  fibrous  tissue,  while  others  have  become  filled 
with  oil. 

t  For  an  exposition  of  this  last  law  of  organization,  see  Dr  Martin 
Barry’s  memoir  on  Embryology,  2d  series,  Phil.  Trans.  1839. 
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ton.*  I  found  that  the  rays  of  the  tail-fin,  and  their  inter- 
spinous  bones,  were  crowded  together  in  a  direction  from  be¬ 
hind  forwards,  and  abutted  against  the  superior-spinous  pro-  ‘ 
cess  of  the  fourteenth  and  the  inferior-spinous  process  of  the 
fifteenth  vertebra.  The  sixteenth,  seventeenth,  and  eighteenth 
vertebrae  assumed  the  appearance,  the  two  former  combined, 
of  an  interspinous  bone,  and  the  latter  of  a  fin-ray,  and  could 
not  have  been  distinguished  from  these  but  by  their  direct  con¬ 
tinuation  with  the  bodies  of  the  vertebrae,  and  their  more  cy¬ 
lindrical  and  shorter  form.  The  joint  between  the  seventeenth 
and  eighteenth  was  in  the  line  of  the  articulations  of  the  fin- 
rays  and  their  interspinous  bones,  the  ultimate  vertebra  as¬ 
suming  the  appearance  and  function  of  a  fin-ray,  the  penulti¬ 
mate  and  antepenultimate  combined  of  an  interspinous  bone. 

The  interest  involved  in  this  form  of  skeleton  consists  in 
the  explanation  it  alfords  of  the  true  nature  of  the  so-called 
last  vertebra  in  the  spinal  column  of  fishes.  Is  that  fan-shaped 
bone  a  vertebra  I  or  is  it  a  composite  bone,  containing  the  ele¬ 
ments  of  a  number  of  vertebras  and  of  interspinous  bones  of 
fin-rays  ?  I  have  always  been  led  to  conclude  that  it  is  a  com¬ 
posite  bone,  and  it  required  only  such  an  arrangement  of  ske¬ 
leton  as  that  now  under  consideration  to  afford  a  natural  ana¬ 
lysis  of  the  tail  in  this  class  of  fishes,  and  to  prove  the  correct¬ 
ness  of  the  opinion  to  which  I  have  just  alluded.  In  many  of 
the  osseous  fishes  the  last  bone  of  the  spine  exhibits  traces  of 
a  central  element,  and  in  some  families  (Taenioides)  it  ap¬ 
pears  to  be  prolonged  far  beyond  the  caudal  fin,  in  the  form 
of  a  fine  filament,  but  in  none,  as  far  as  I  am  aware,  is  it  ar¬ 
ranged  as  in  the  present  instance. 

The  next  peculiarity  is  in  the  muscular  system.  The  sun- 


*  Meckel,  Comp.  Anatomy,  French  ed.,  tom.  ii.  p.  "285.  For  a  drawing 
of  the  tail,  which  appears  to  h.ave  been  made  from  a  dried  skeleton,  see  Dr 
C.  A.  S.  Schultze,  Ueber  die  ersten  Spuren  des  Knochensystems,  und  die 
Entwickelung  der  Wirbelsaul^,  in  den  Thieren,  Meckel’s  Archives,  1818. 
Willenbergh’s  drawing,  which,  he  states,  was  made  from  a  dried  skeleton, 
is  incorrect  in  the  mode  of  junction  of  the  pectoral  girdle  to  the  spine,  but 
more  particularly  in  the  mal-representation  of  the  mode  of  termination  of 
the  spinal  column.  lie  has  mistaken  the  two  or  three  last  vertobrtp  for  a 
fin  ray  and  interspinous  bone. 
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fish  exhibits  not  a  trace  of  abdominal  muscles.*  The  viscera 
from  the  spine  to  the  median  line  of  the  belly  are  inclosed  by 
abdominal  walls,  consisting  of  peritoneum  on  the  internal  sur¬ 
face,  of  skin  on  the  external,  and  of  a  thick  layer  (4  or  6 
inches)  of  the  peculiar  vesicular  tissue  already  described  be¬ 
tween  them.  This  is  a  conformation  exactly  corresponding 
with  the  embryonic  condition  of  all  the  vertebrata.  The  ab¬ 
dominal  muscles  are  among  the  last  to  be  developed,  in  con¬ 
sequence,  in  a  great  measure,  of  the  persistence  of  the  yolk- 
bag,  and  the  evolution  of  the  abdominal  walls  from  the  dorsal 
towards  the  ventral  aspect. 

The  muscles  of  the  spine,  also,  instead  of  stretching  from 
head  to  tail,  are  reduced  to  a  very  small  size,  and  constitute 
only  a  weak  fan-shaped  muscle  on  each  side  of  the  caudal-fin. 
These  muscles  consist  of  a  small  digitation  for  each  of  the  fin- 
rays,  and  appear  to  me  rather  to  be  analogous  to  the  caudal- 
fin  muscles  of  other  fishes  than  to  the  great  lateral  muscles  of 
the  spine. 

The  thick  mass  of  muscle  on  each  side  of  the  sun-fish  consists 
of  the  muscles  of  the  anal  and  dorsal  fins ;  very  weak  in  other 
fishes,  but  developed  here,  in  an  extraordinary  manner — in  an 
inverse  ratio  to  the  spinal  muscles.-f-  This  inversion  of  the 
muscular  masses  depends  on  the  stunted  condition  of  the  ver¬ 
tebral  column,  and  on  the  developed  state  (in  regard  to  form) 
of  the  peripheral  elements  of  the  skeleton,  and  is  an  instance 
of  the  dependence  of  one  organic  system  on  another.  The 
morphological  cause  of  the  stunting  of  the  column  is  still  a 
problem,+  and  must  be  sought  for,  probably,  as  a  circumstance 

*  Meckel,  Comp.  Anatomy,  tom.  v.  p.  185. 

t  Meckel,  Comp.  Anatomy,  tom.  v.  p.*185,  inclines  to  the  opinion  that 
the  dorsal  portion  of  the  lateral  fleshy  mass  of  the  sun-flsh  is  a  composite 
muscle,  consisting  of  the  anterior  part  of  the  usual  lateral  spinal  muscles, 
and  of  the  muscles  of  the  dorsal  flu  ;  or  that  the  latter  had  assumed  the 
form  and  position  of  the  for.iier.  I  have,  however,  satisfied  myself  that 
this  mass,  although  extending  forwards  to  the  head,  is,  in  fact,  the  fin 
muscle,  and  that  it  consists  of  uninterrupted  radiating  bundles.  The  body 
of  this  fish,  then,  contains  only  six  muscles — two  for  each  fin.  It  appears 
to  swiiirby  a  sculling  action  of  the  dorsal  and  anal  fins,  the  tail  being  a 
very  inefficient  organ  of  locomotion. 

*  I  have  not  assumed  the  short  spinal  cord  of  the  orthagoriscus  mola  aa 
the  cause  of  the  stunting  of  the  osseous  column,  as  there  are  contradictory 

VOt,.  XXX.  NO.  MX. - J.VNUARY  1841. 
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connected  with  development.  Whatever  it  may  be,  it  must 
be  considered  as  the  means  of  adapting  the  structure  of  the 
animal  to  some  peculiarity  in  its  habits  or  economy. 

Explanation  of  Plate  IF. 

Fig.  1.  The  cells  of  the  peculiar  tissue:  a,  cell ;  b,  nucleus  ;  c,  nucleoii. 
Fig.  2.  Skeleton  of  the  tail  of  orthagoriscus  niola:  a,  fourteenth  vertebra; 
b,  fifteenth ;  c,  sixteenth  ;  </,  seventeenth ;  e,  eighteenth  ;  /,  interspi- 
nous  bones  abutting  against  spinous  processes  of  vertebrx' ;  t/,  rays  of 
caudal-fin. 


On  the  former  Existence  of  Glaciers  in  Britain. 

I.  On  the  former  Existence  of  Glaciers  in  Scotland,  By 
Dr  Buckland.* 

Dr  Buckland,  in  a  Memoir  on  this  subject  read  before  the  Geological 
Society  of  London  on  the  evenings  of  the  4th  and  18th  of  November  last, 
commenced  by  observing,  that,  when  his  attention  was  first  directed  by 
Professor  Agassiz,  in  October  1838,  to  the  polished,  striated,  and  furrowed 
surfaces  of  the  rocks  on  the  slopes  of  the  Jura,  near  Neuchatel,  as  the  ef¬ 
fects  of  glaciers,  he  doubted  the  correctness  of  the  inference ;  but  after 
devoting  some  days  to  the  examination  of  actual  glaciers,  and  the  effects 
produced  by  them,  he  became  a  complete  convert  to  the  glacier  theory, 
as  far  as  relates  to  Switzerland.  On  his  return  to  Neuchatel,  in  the  same 
year,  he  informed  M.  Agassiz  that  he  had  noticed  similarly  polished  and 
striated  rocks,  in  1811,  on  the  left  side  of  the  gorge  of  the  Tay,  near 
Dunkcld,  though  he  then  attributed  the  appearance  to  diluvial  action  ; 
that,  in  1824,  he  had  noticed,  when  in  company  with  Mr  Lyell,  grooves 
and  strite  on  the  surface  of  granite  rocks,  near  the  east  base  of  Ben  Ne¬ 
vis  ;  and  that  near  the  base  of  Ben  Wyvis,  Sir  G.  Mackenzie  pointed  out 
to  him  a  high  ridge  of  gravel,  arranged  obliquely  across  a  valley,  and  not 
explicable  by  any  action  of  water.  Those  phenomena,  however,  since  his 
examination  of  the  Swiss  glaciers,  he  has  been  convinced,  may  be  ex¬ 
plained  by  the  friction  of  ice  upon  rocks,  and  the  production  of  transverse 


facts  which  must  be  explained  before  we  can  connect  the  length  of  the 
latter  in  the  embryonic  aiid  adult  series  with  the  length  of  the  former. 

We  recommend  to  those  interested  in  the  system  of  glaciers,  as  taught 
by  Professor  Agassiz,  which  is  nearly  that  adopted  by  Dr  Buckland  .  nd 
others,  to  read  previously  Professor  Agassiz’s  system,  as  explaiued  by  him¬ 
self  in  a  y.  emoir  entitled  “  Upon  Glaciers,  Moraines,  and  Erratic  Blocks,” 
in  vol.  xxiv.  of  this  Journal,  extending  from  psige  3C4  to  piige  303  ;  or  the 
classical  work,  just  published,  entitled  ”  Etudes  sur  Ics  Glaciers.  Par  L. 
Agassiz.” 
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moraines.  After  these  preliminary  remarks^  Dr  Buckland  proceeds  to  de¬ 
scribe  the  evidences  of  glaciers  observed  during  a  tour  made  in  the  au¬ 
tumn  of  this  j’ear,  partly  before  and  partly  subsequent  to  an  excursion 
in  company  with  Professor  Agassiz.  He,  however,  omits  for  the  present 
all  details  respecting  parallel  terraces,  though  he  is  convinced  that  they 
arc  intimately  connected  with  the  glacier  theory.  The  observations  com¬ 
menced  in  the  neighbourhood  of  Dumfries,  and  were  afterwards  extended 
over  a  line  of  country  ranging  from  Aberdeen,  by  Forfar,  Blairgowrie, 
Dunkeld,  Loch  Tummel,  and  Loch  Rannoch,  to  Schihallion  and  Tay- 
mouth,  and  thence  by  Crieff,  Comrie,  Lochcarn  Head,  Callendar,  and  Stir¬ 
ling,  to  Edinburgh.  The  tour  was  subsequently  prolonged  in  England,  by 
Berwick,  the  Cheviots,  Alston  Moor,  and  Shap  Fell,  to  Lancashire  and 
Cheshire  ;  but  the  details  of  this  portion  of  the  series  of  observations  will 
be  given  in  a  paper  to  be  read  on  the  2d  of  December.  The  evidence  of 
the  former  existence  of  glaciers  in  the  vicinity  of  Dumfries,  occurs  in  the 
picturesque  ravine  of  Crickhope  Linn.  On  emerging  from  the  chasm  at 
the  upper  end  of  this  ravine,  a  remarkable  example  of  a  long  terminal 
moraine  is  visible,  stretching  across  the  mountain-valley,  from  which  the 
Dolland  Burn  descends,  to  fall  into  Crickhope  Linn.  When  seen  from  a 
distance,  it  resembles  the  vallum  of  an  ancient  camp,  being  covered  with 
turf ;  but  is  composed  of  rolled  pebbles,  chiefly  of  slate  rock,  originally 
derived  from  the  adjacent  Lammermuir  Hills,  and  of  a  few  rolled  frag¬ 
ments  of  granite.  It  presents  no  traces  of  stratifleation.  The  height  va¬ 
ries  from  twenty  to  thirty  feet,  the  breadth  of  the  base  is  about  one  hun¬ 
dred  feet,  and  the  length  is  four  hundred  yards,  occupying  the  entire 
breadth  of  the  valley,  except  near  the  centre,  where  the  moraine  is  inter¬ 
sected  by  a  road,  and  at  the  west  end,  where  it  is  tKiverscd  by  the  Dol¬ 
land  rivulet.  To  moraines,  or  the  detritus  of  moraines,  Dr  Buckland  re¬ 
fers  the  gravel  and  sand  which  cover  the  granite  table-land  between 
Aberdeen  and  Stonehaven  j  the  large  insulated  tumuli  and  tortuous  ridges 
of  gravel  which  occupy  a  tract  of  one  hundred  acres  near  Forden,  one 
mile  east  of  Achinbald ;  the  blocks,  and  more  or  less  stratified  gravel 
which  are  spread  over  the  first  level  ])ortion  of  the  valley  of  the  North 
Esk,  after  it  emerges  from  the  sub-Grampians ;  also  the  ridges  and  cones 
of  gravel  at  Cortachy  and  Piersie,  not  far  from  Kirriemuir.  Near  the 
summit  of  the  hill  which  forms  the  left  side  of  the  main  valley  at  the  con¬ 
fluent  point  of  the  Piersie  and  Prosen  valleys,  is  a  polished  surface  of  por¬ 
phyry,  striated  in  the  direction  which  a  glacier,  descending  the  valley, 
would  have  maintained.  The  vast  longitudinal  and  insulated  ridges  of 
gravel,  extending  two  or  three  miles  up  the  valley  east  of  Blairgowrie, 
and  the  transverse  barriers,  which  form  a  series  of  small  lakes  on  its  west, 
in  the  valley  of  Lunanburn,  Dr  Buckland  considers  to  be  moraines  ;  also, 
the  lofty  mounds  composing  the  ornamental  grounds  adjacent  to  Dun¬ 
keld  Castle — the  detritus  which  covers  the  left  flank  of  the  Tay,  along  a 
great  part  of  the  road  from  Dunkeld  to  Logierait,  the  left  flank  of  the 
Tummel  valley  from  Logierait  to  Killiecrankie,  .and  the  left  flank  of  the 
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Garric,  from  Killiecrankie  to  Blair  Atliol ;  likewise,  tlie  vast  congeries  of 
gravel  and  boulders  lodged  in  the  shoulders  of  the  mountain  opposite  the 
gorge  of  the  Tummel,  and  aceumulated,  the  author  believes,  by  glaciers 
which  descended  the  valley  of  the  Tummel,  from  the  north  side  of  Schi- 
hallion,  and  the  ir.ount.ains  around  Loeh  Rannoeh.  This  elevated  mass 
of  moraines  and  detritus  of  moraines  in  the  lateral  valley  of  the  Truiinel, 
Dr  Buckland  conceives,  was  formed  across  the  longitudinal  valley  of  the 
Garrv,  in  the  same  manner  that  modern  glaciers  of  the  Alps, — as  in  I  he 
case  of  the  Val  de  Bagne, — occasionally  descend  from  the  transverse 
across  the  longitudinal  valleys.  The  mammellated,  polished,  and  striated 
slate-rocks,  about  one  mile  above  the  falls  of  Tummel,  and  forming  the 
left  portal  of  the  gorge  of  the  valley.  Dr  Buckland  mentions  as  proofs  of 
the  action  of  a  glacier  which  descended  the  gorge  :  he  alludes  also  to  the 
indications  of  polish  on  veins  of  quartz  whicih  project  eight  or  ten  inches 
above  the  surface  of  weathered  masses  of  mica-slate,  near  the  same  loca¬ 
lity  ;  and  to  the  slight  scratches  on  mammellated  rocks  at  Bohaly,  one 
mile  and  a  half  east  of  Tummel  Bridge.  The  evidence  of  glaciers  on  Schi- 
hallion,  he  shews,  are  visible  on  the  north  and  north-east  shoulders  of  the 
mountain,  in  rounded,  polished,  and  striated  surfaces,  many  of  which 
have  been  recently  laid  bare  in  forming  ii  new  road.  The  surface  of  a 
porphyry- dike,  about  forty  feet  wide,  and  lately  cx])oscd  near  the  thir¬ 
teenth  milestone  on  the  left  flank  of  the  valley  called  the  Braes  of  Foss, 
is  polished  and  covered  with  strife,  parallel  to  the  line  of  descent  which 
a  glacier  from  Schihallion  would  assume  ;  and  on  the  right  flank  of  the 
same  valley,  one  hundred  yards  north  of  the  eleventh  milestone,  is  an¬ 
other  snifdler  vein  of  red  porphyry,  similarly  polished  and  striated  In  the 
intermediate  space,  newly  uncovered  surfaces  of  hard  sla'c-rocks  and 
quartzite,  present  phenomena  of  the  same  nalure, — and  the  whole  of 
these  phenomena  are  ascribed  to  the  agency  of  glaciers.  The  two  lofty' 
ridges  of  griivcl  in  Taymouth  Park,  ranging  at  right  angles  to  the  sides  of 
the  valley,  between  the  village  of  Kenmore  and  the  Castle,  the  mound  on 
which  stands  t’  e  ornamental  d.airy,  and  the  gravel  on  which  are  situated 
the  wooils  overhanging  the  left  biink  of  the  lower  end  of  Loch  Tay,  Dr 
Buckland  considers  to  be  moraines,  or  the  detritus  of  moraines  ;  likewise 
the  deeply  scored  and  fluted  Imulders  of  hor  nblende  rock  with  other  de¬ 
bris,  which  occur  at  the  junction  of  Glen  Moulin  with  the  Lyon.  The 
proofs  of  glacier-action  in  Glen  Cofield,  are  shewn  to  be  a  remarkable 
assemblage  of  moraines  upon  the  high  land  which  divides  the  valley'  of 
the  Tay  from  that  of  the  Bran  ;  also  a  group  between  the  sixteenth  and 
fourteenth  milestones,  consisting  of  forty  or  fifty  round  topped  moraines, 
from  thirty  to  sixty  feet  high,  crowded  together  like  tumuli.  It  is  im¬ 
possible,  Dr  Buckland  says,  to  refer  these  mounds  of  gravel  and  blocks 
to  the  action  of  a  current  of  water,  as  they  are  placed  precisely  at  the 
point  where  a  stream,  descending  from  the  high  lands,  would  have  acted 
with  the  greatest  velocity  ;  they,  moreover,  exactly  resemble  some  of  those 
moraines  which  occur  in  the  valley  of  the  Rhone,  between  Martigny  arid 
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Leuk.  Tlie  village  of  Amulrie,  Dr  Buckland  conceives,  is  situated  on  a 
group  of  low  moraines,  and  lie  states  tlintthe  road,  for  two  or  three  miles 
towards  Glen  Almond,  passes  over  similar  accumulations,  and  surfaces  of 
mica-slate,  rounded  by  glaciers.  The  proofs  of  the  action  of  ice  in  and 
near  South  Earn,  consist,  between  Criefl'and  Comrie,  in  irregular  terraces 
of  gravel,  or  detritus  of  moraines  ;  and  in  rounded  as  well  as  guttered  sur¬ 
faces  of  slate-rocks  at  the  west  end  of  Comrie,  near  the  bridge ;  and  in 
the  woods  adjacent  to  Lawers’  House.  In  the  valley  of  th  •  Lednoch, 
Dr  Buckland  found  farther  proofs  of  glacial  action,  and  at  points  where, 
if  the  glacier  theory  were  true,  he  had  assumed  they  ought  to  exist.  Im¬ 
mediately  above  the  gorge  called  the  Devil’s  Cauldron,  particularly  near 
Tcntallich,  he  noticed  rounded  surfaces  of  greenstone  partially  covered 
with  moraines  ;  and  at  Kanagart,  also  immediately  above  the  gorge,  a 
small  cluster  of  moraines,  easily  separable  into  lateral  and  terminal-  Two 
miles  higher,  at  the  confluence  of  Glen  Lednoch  with  Glen  Garrow,  a 
distinct  medial  moraine  forms  an  insulated  ridge  in  front  of  the  point  of 
union  of  the  two  valleys.  The  farm-house  of  Invergeldy  is  said  to 
stand  on  the  detritus  of  a  moraine,  and  the  surface  of  the  granite  at  In- 
vergcldy,  from  which  the  stone  was  procured  to  erect  Lord  Melville’s 
monument,  near  Criefl’,  is  stated  to  bear  evidence  of  having  been  rounded 
by  glacier  action.  On  a  hill  of  trap,  half  a  mile  south  of  the  farm  of  Lurg, 
on  the  left  side  of  Glen  Leilnoch,  a  striated  and  polished  surface  is  dis¬ 
tinctly  preserved.  In  Glen  Turret,  Dr  Buckland  found  on  the  shoulder 
of  the  mountain,  immediatclj’  above  the  south-west  extremity  of  the  Loch, 
a  vast  lateral  moraine,  in  a  deep  ravine,  and  at  the  falls  of  Turret,  at  the 
lower  extremity  of  the  gorge,  an  extensive  lodgment  of  moraines,  whilst 
at  the  upper  end  of  the  gorge  on  the  left  bank  of  the  river,  near  a  gate 
which  crosses  the  road,  he  noticed  polished  and  furrowed  surfaces  of 
slate- rocks,  at  precisely  the  place  where,  theoretically,  he  had  a.sscrted 
they  ought  to  be  found.  The  banks  of  Loch  Earn,  and  the  surrounding 
country,  afforded  Dr  Buckland  the  following  evidence  of  glaciers  having 
existed  in  that  district.  On  the  north  bank  of  the  Loch,  he  observed 
rounded  and  furrowed  surfaces  and  portions  of  lateral  moraines  exposed 
in  roadside  sections,  and  at  Loch  Earn  Head,  a  group  of  conical  moraines 
occupying  the  middle  of  the  valley,  at  a  point  where,  had  the  detritus 
been  brought  by  a  rapid  current,  it  must  have  been  propelled  into  the 
loch,  but  if  brought  by  a  glacier  would  have  been  deposited  as  a  terminal 
moraine.  .  Further  evidence  of  moraines  are  stated  to  occur  in  the  valley 
of  the  Teith  from  Loch  Catharine  to  Callender ;  and  the  lofty  parallel 
terraces  in  the  same  valley  arc  considered  to  be  detritus  of  moraines,  mo¬ 
dified  by  the  great  floods  which  accompanied  the  melting  of  the  ice.  One 
of  them,  near  Callender,  has  been  hitherto  believed  to  be  a  Roman  c:imp, 
and  has  been  mapped  as  such.  The  little  lakes  on  the  right  bank  of  the 
Teith,  four  miles  cast  of  Callender,  Dr  Buckland  considers  due  to  a  series 
of  moraines  obstructing  the  drainage  of  the  country  ;  and  the  first  table¬ 
land,  after  crossing  the  river  towards  Donne,  to  be  composed  of  re-ar- 
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ranged  glacial  detritus ;  also  the  ground  on  which  Mr  Smith's  farm,  near 
Donne,  is  situated.  Having  thus  proved  that  glaciers  once  occurred  in 
the  glens  iiud  mountainous  districts  of  Scotland,  Dr  Buckland  was  anxious 
to  ascertain  the  amount  of  evidence  which  Stirling  and  Edinburgh  would 
afford  of  their  action  at  points  but  little  raised  above  the  level  of  the  sea, 
and  far  distant  from  any  group  of  mountains.  lie  liad  noticed  in  1824, 
on  the  summit  of  the  hill  at  Stirling,  that  the  surface  of  the  trap  then  re¬ 
cently  uncovered,  between  the  castle  and  the  church,  was  polished  and 
striated,  but  at  his  last  visit  those  proofs  had  been  obliterated.  The 
grooves  and  scratches,  described  by  Sir  Janies  Hall  on  Corstorphine  Hill, 
near  Edinburgh,  and  on  the  Calton  Hill,  Professor  Agassiz  informed 
him,  entirely  resemble  the  effects  produced  by  the  under-surface  of  mo¬ 
dern  glaciers.  In  his  recent  examination,  in  company  with  Mr  McLaren, 
of  the  Castle  rock  at  Edinburgh,  he  found  polished  and  striated  surfaees 
at  the  north-west  and  south-west  angles  ;  and  at  the  base  of  the  north¬ 
west  angle  a  nearly  horizontal  portion  of  the  rock  covered  with  wide 
strife,  ranging  cast  and  west.*  Some  of  these  scratches  and  rounded  sur¬ 
faces,  Dr  Buckland  says,  may  have  been  produced  by  stones  projecting 
from  the  sides  or  bottom  of  floating  masses  of  ice,  but  that  it  is  impossi¬ 
ble  to  account  by  this  means  for  the  polish  and  stria?  on  rocks  at  Black¬ 
ford  Hill,  two  miles  south  of  Edinburgh.  On  the  southern  face  of  this 
hill,  at  the  base  of  a  nearly  vertical  cliff  of  trap,  is  a  natural  vault,  par¬ 
tially  filled  with  a  breccia  composed  of  gravel  and  sand  cemented  by  a 
modern  infiltration  of  carbonate  of  lime.  The  sides  and  roof  of  the  vault 
are  highly  polished,  and  covered  with  strife,  irregularlj’  arranged  with  re¬ 
spect  to  the  whole  area,  but  jiarallel  over  limited  extents.  It  is  impossi¬ 
ble,  Dr  Buekland  observes,  to  refer  those  stria?  to  the  action  of  pebbles 
set  in  motion  by  water,  because  fnigments  of  stone  moving  in  a  fluid  can¬ 
not  produce  continuous  parallel  lines ;  and  because,  if  they  could  pro¬ 
duce  them,  the  stria?  would  be  parallel  to  the  direction  of  the  current. 
It  is  impossible,  he  also  states,  to  refer  them  to  the  effects  of  stones  fixed 
in  floating  ice,  as  no  such  masses  could  have  come  in  contact  with  the 
roof  of  a  low  vault ;  but  that  it  is  easy  to  explain  the  phenomena  by  thelong 
continued  action  of  fragments  of  ice  forced  into  the  cave  laterally  from 
the  bottom  of  a  glacier,  descending  the  valley,  on  the  margin  of  which  the 
vault  is  placed  ;  and  the  irregular  grouping  of  the  parallel  stria?  to  the 
unequal  metion  of  the  ice,  charged  with  fragments  of  stone.  The  posi¬ 
tion  of  the  cave  does  not  exceed  300  feet  above  the  level  of  the  sea,  and 
the  proving  of  glacial  action  at  this  point,  the  author  states,  justifies  the 
opinion  that  glaciers  nuiy  also  have  covered  the  Calton  Hill,  and  the 
Castle  Hills  of  Edinburgh  and  Stirling. 

*  The  appearances  on  the  ('astle  rock,  noticed  above,  can  scarcely  be  considered 
glacier  markings. 


199 


Mr  Lyell  on  former  Glaciers  in  Forfarshire, 

II.  On  t/ic  Geological  Evidence  of  the  former  existence  of  Glaciers 
in  Forfarshire.  By  Charles  Lyell,  Esq.,  F.R.  S.,  M.G.  S.,  &c. 

Mr  Lyell  on  tlie  18tli  of  November  and  2d  December  1840,  after  the 
reading  of  the  memoir  of  Dr  Buckland,  laid  before  the  Geological  Society 
a  series  of  observations  on  the  ancient  glaciers  of  the  county  of  Forfar. 
Mr  Lyell,  after  some  preliminary  observations,  remarked  that  he  had,  by 
the  use  of  the  theory  of  M.  Agassiz,  become  convinced  that  glaciers  not 
only  existed  a  long  time  in  the  Grampians,  but  extended  even  into  the 
low  country;  and,  further,  that  in  his  opinion,  immediately  antecedent 
to  the  present  epoch,  there  may  have  been  great  oscillations  of  climate 
in  the  Northern  Ilunispherc. 

The  county  of  Forfar,  Mr  Lj-ell  divides  geologically  into  three  princi¬ 
pal  districts, — that  of  the  Grampians,  formed  of  granite,  gneiss,  mica- 
slate,  and  clay-slate,  flanked  by  a  lower  range  of  old  red  sandstone 
associated  with  trap — that  of  Strathmore,  composed  of  old  red  sand¬ 
stone — and  that  of  the  Sidlaw  Hills,  constituted  of  the  inferior  beds 
of  the  same  formation,  usually  accompanied  by  trap  ;  and,  he  adds, 
that  the  district  may  be  considered  to  represent  on  a  small  scale,  both 
geologically  and  physically,  that  part  of  Switzerland  where  the  pheno¬ 
mena  of  erratic  blocks  are  most  remarkable,  for  the  Grampians  with  their 
crystalline  rocks  are  comparable  to  the  Alps,  the  Sidlaw  Hills  with  their 
secondary  formations  to  the  Jura,  and  Strathmore  to  the  great  valley 
of  Switzerland ;  and  the  masses  of  Grampian  rocks  in  the  Strath  and  at 
considerable  heights  on  the  Sidlaw  Hills,  recitll  to  mind  the  erratic  blocks 
of  the  Pays  du  Valid  and  the  Jura.  The  detritus  spread  over  Forfar¬ 
shire,  jMr  Lyell  divides  into  three  deposits,  presenting  distinct  characters ; 
— 1st,  the  thin  covering  on  the  tops  and  sides  of  the  Grampians,  and  de¬ 
rived  from  the  disintegration  of  the  subjacent  formations,  with  a  slight 
intermixture  of  pebbles  traceable  to  rocks  not  far  distant  and  at  higher 
levels ;  2dly,  the  impervious  till  and  boulders,  with  other  unstratifled, 
transported  materials,  disposed  at  various  heights  in  the  glens  and  the 
Strathmore ;  and,  3dly,  the  stratified  gravels,  sands,  and  clays,  which 
overlie  the  unstratified.  The  accumulations  belonging  to  the  second  di¬ 
vision  occur  on  both  sides  of  every  glen,  frequently  arranged  in  terraces 
with  a  nearly  flat  top,  and  sometimes  with  two  taluses,  one  towards  the 
river,  and  the  other  of  less  height  towards  the  mountain.  These  terraces 
or  lateral  mounds  generally  Increase  in  width  and  depth  as  they  descend 
from  the  higher  to  the  lower  glens,  attaining  in  the  latter  sometimes  a 
thickness  of  100  feet.  In  the  inferior  part  they  consist  of  large  angular 
and  rounded  fragments,  imbedded  in  unstratified  mud  and  sand,  the  com- 
jiosition  of  the  mass  increasing  in  complexity  as  the  mounds  of  the  late¬ 
ral  glens  unite  with  those  of  the  main  glen.  In  the  higher  part  they  are 
often  composed  of  forty  and  even  eighty  feet  of  gravel  and  sand  of  the 
same  nature,  but  stratified.  These  mounds  acquire  occasionally,  as  in 
the  glen  of  South  Esk,  so  great  a  volume  as  to  block  up  the  valley,  leav- 
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ing  only  space  for  the  river  to  pass.  The  South  Esk  springs  from  a  shal¬ 
low  lake,  twenty  miles  from  Strathmore,  and  nearly  3000  feet  above 
the  level  of  the  sea.  For  the  first  six  miles,  the  river  flows  through  a  re¬ 
gion  of  granite  or  gneiss,  and  the  fragments  of  rocks  derived  from  it  may 
be  traced  to  Cortachic,  a  distance  of  twelve  miles  ;  the  detritus  also  in 
this  glen,  and  in  all  the  others  composed  of  granite  and  gneiss,  preserves 
throughout  a  uniform  grey  colour.  On  entering,  however,  the  zone  of 
mica-slate,  it  is  invariably  tinged  red  in  every  glen,  and  this  colour  is 
imparted  to  the  detritus  in  the  lower  portions  of  the  glen,  notwithstand¬ 
ing  the  intermixture  of  the  pale  brown  materials  obtained  from  the  clay- 
slate  district.  Another  proof  of  the  downward  course  of  the  transported 
matter  composing  the  mounds,  is  the  rare  occurrence  of  fragments  of 
quartz  till  the  glens  enter  the  mica  schist  region,  where  thick  beds  and 
veins  of  pure  white  quartz  abounds.  This  distribution  of  the  detritus, 
and  its  arrangement  in  mounds  along  the  sides  of  the  glens,  Mr  Lyell 
says,  agrees  well  with  the  hypothesis  of  glaciers  and  their  lateral  mo¬ 
raines  ;  and  is  not  reconcilable  with  the  theory  of  submergence,  and  the 
subsequent  removal  by  denudation  of  the  central  portion  of  a  deposit  sup¬ 
posed  to  have  filled  the  bottom  of  the  glens.  The  total  want  of  stratifi¬ 
cation  he  also  urges  as  a  proof  that  the  materials  were  not  deposited  from 
water.  The  glacier  theory  is  farther  shewn  to  ofier  the  only  explanations 
of  the  phenomena  presented  by  Lochs  Brandy  and  Whoral,  situate  1500 
feet  above  the  sea,  and  600  above  the  Kirktown  of  Clova.  Loch  Brandy 
is  surrounded  on  three  sides  bj-  lofty  precipices  of  gneiss,  while  on  the 
south  it  is  bounded  only  by  an  enormous  accumulation  of  sand,  mud,  and 
fragments  of  rocks,  evidently  derived  from  the  cliffs  which  overhang  the 
lake  on  the  east,  north,  and  west.  It  is  impossible,  Mr  Lyell  observes, 
to  conceive  how  these  great  masses  could  have  been  conveyed  over  a  deep 
lake  ;  but  if  it  be  supposed  that  the  cavity  occupied  now  by  water  was 
once  filled  with  a  body  of  ice,  it  is  easy  to  account  for  the  transport  of 
large  boulders  from  the  northern  to  the  southern  side  of  the  cavity,  and 
their  mode  of  distribution  beyond  it.  Loch  Whoral  presents  analogous 
phenomena ;  and  the  immense  mass  of  detritus  which  extends  from  its 
southern  side,  terminates  in  the  plain  of  Clova,  in  a  multitude  of  hillocks 
and  ridges,  resembling  in  shape  some  of  the  terminal  moraines  of  Swit¬ 
zerland.  One  of  the  features  in  the  transported  materials  of  the  South 
Esk,  formerly  reg.arded  by  Mr  Lyell  as  very  dilficuU  of  solution,  is  a  great 
barrier  at  Glenairn,  where  the  valley  contracts  to  scarce!}'  half  a  mile  in 
w’idth,  and  is  flanked  by  steep  mountains.  Viewed  from  below,  the  bar¬ 
rier  resembles  an  artifieia.l  dam,  200  feet  high,  and  divided  along  its  sum¬ 
mit  into  hillocks.  On  the  east  side,  it  is  cut  through  by  the  Esk,  and  its 
breadth  is  about  half  a  mile.  Behind  it,  is  a  flat  plain,  four  or  five  miles 
long,  and  a  mile  and  a  half  bread,  through  which  the  Esk  meanders  ; 
and  that  it  was  once  covered  by  a  lake,  is  proved  by  some  deep  drains, 
which  exposed  a  succession  of  horizontal  beds  of  sand,  claj',  and  drift- 
peat.  The  lower  part  of  the  barrier,  thirty  feet  in  depth,  laid  open  in  the 
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rivet  cliff,  consists  of  unstratiGed  mud,  full  of  boulders ;  and  the  upper 
part,  from  50  to  100  feet  tliick,  of  gravel  and  sand,  inferred  by  Mr  Lyell, 
from  analog}-,  to  be  stratified.  If  this  barrier  be  supposed  to  be  a  large 
terminal  moraine,  accumulated  by  a  retreating  glacier,  Mr  Lyell  states 
that  its  origin  is  easy  to  be  understood ;  and  that  the  water  produced  by 
the  melting  of  the  ice  may  have  overGowed  the  mound,  and  furrowed  out 
the  softer  materials  composing  the  upper  part  into  ridges  and  hillocks ;  but, 
he  adds,  it  is  difficult  to  comprehend  how  a  capping  of  such  materials  on  the 
summit  of  a  terminal  moraine  could  have  acquired  a  stratiGed  structure. 
At  Cortachic,  four  miles  below  the  barrier  of  Glenairt,  the  Esk  enters  the 
lower  country  of  old  red  sandstone ;  and  a  mile  and  a  half  farther  down 
it  is  joined  by  the  Proson ;  and  a  mile  yet  lower,  by  the  Carity.  In  the 
district  where  these  streams  unite,  there  is  a  great  amount  of  unstratiGed 
detritus,  full  of  Grampian  boulders,  and  covered,  for  the  most  part,  with 
StratiGed  gravel  and  sand,  in  some  places  from  thirty  to  forty  feet  thick. 
The  phenomena  exhibited  by  the  till  in  that  district,  Mr  Lyell  conceives 
might  be  well  accounted  for  by  the  union  of  three  or  four  large  glaciers. 
The  author  then  proceeds  to  describe  the  phenomena  presented  by  Strath¬ 
more.  This  district  is  intersected  by  many  longitudinal  ridges,  some 
of  which  are  200  or  300  feet  above  the  adjacent  valleys.  They  arc  gene¬ 
rally ‘covered  with  till  and  erratics,  derived  partly  from  the  Grampians, 
and  partly  from  the  subjacent  old  red  sandstone ;  and  the  covering 
is  so  prevalent  in  Strathmore,  that  the  subdivisions  of  the  rocks  in  situ 
are  difficult  to  trace.  This  boulder  till,  or  mortar,  as  it  is  termed  in  For¬ 
farshire,  forms  invariably  the  lowest  part  of  the  transported  matter  of  the 
Strath.  Mr  Blackadder  has  ascertained  that  it  often  Gils  hollows  which 
would  become  lakes  or  peat  mosses  if  the  till  were  cxtnicted ;  and  Mr 
Lyell  observes,  that  if  the  cold  period  came  on  slowly,  the  action  of  the 
advancing  glaciers  would  have  pushed  forward  vast  increasing  masses  of 
detritus,  and  spread  them  over  the  Strath,  Glling  up  more  or  less  the  hol¬ 
lows  and  cavities  previously  occupied  by  water.  The  Sidlaw  Hills,  the 
highest  point  of  which  is  1500  feet  above  the  sea,  and  the  whole  country 
between  Strathmore  and  the  Tay,  are  overspread  with  an  impervious 
boulder  formation.  The  erratics  derived  from  the  Grampians  are  equal  in 
size  to  those  contained  in  the  till  of  the  glens  and  Strath,  and  are  asso¬ 
ciated  with  fragments  of  the  subjacent  grey  beds  of  the  old  red  sandstone. 
One  of  the  Grampi.-in  boulders,  which  lies  within  forty  feet  of  the  summit 
of  Pitscaulie  Hill  (700  feet  above  the  sea),  is  a  block  of  mica-slate  thirteen 
feet  long  by  seven  feet  broad,  and  it  is  seven  feet  high  above  the  ground. 
The  nearest  point  from  which  it  could  have  been  derived  is  Gfteen  miles  to 
the  north-w-est.  In  conclusion,  Mr  Lyell  observes,  that  though  there  are 
^■idencesof  glaciers  having  once  existed  in  the  princij)al  highland  valleys, 
and  their  tributary  glens  in  Forfarshire,  and  though  the  Scottish  moun¬ 
tains  may  have  been  covered  with  permanent  ice,  yet  that,  in  consequence 
of  the  diG'erence  of  latitude,  Switzerland  can  present  but  an  imperfect 
analogy  of  things  in  Scothnd  during  the  glacier  period.  It  is,  he  says. 


202 


Dr  Buckland  on  the  former  Existence  of 

to  South  Georgia  in  the  54th  degree  of  south  latitude,  to  Kerguelen's 
Land  in  the  50th,  or  to  Sandwich  Land  in  the  59th,  that  the  nearest  ap- 
projich  to  the  supposed  condition  of  Scotland  during  the  glacial  epoch 
must  be  looked  for.  In  those  regions  the  glaciers  extend  to  the  sea,  and 
there  are  no  warm  valleys  into  which  they  can  descend  and  melt,  the 
temperature  of  summer  and  winter  being  also  nearly  equal.  They  there¬ 
fore  probably  remain  stationarj*.  In  the  Alps,  on  the  contrary,  the  inde¬ 
finite  accumulation  of  snow  is  checked,  1st,  by  evaporation  without  melt¬ 
ing  ;  2d,  by  the  descent  of  glaciers  in  consequence  of  gravitation,  a  cause 
considered  by  M.  Agassiz  not  very  influential ;  3d,  by  the  descent  of  gla¬ 
ciers  arising  from  the  expansion  which  accompanies  the  alternate  freezing 
and  liquefaction  of  water.  The  last,  which  is  the  most  powerful  source 
of  relief  in  Switzerland,  must,  Mr  Lyell  states,  be  comparatively  feeble  in 
countries  like  South  Georgia  and  Sandwich  Land ;  and  hence  that  the 
accumulation  of  ice  can  be  checked  onlj'  bj'  evaporation  and  the  gravita¬ 
tion  of  the  mass.  As  the  study  of  the  tertiary  strata  proves  that  a  warm 
climate  certainly  preceded  the  assumed  glacier  period  in  the  northern 
hemisphere,  and  as  a  milder  climate  has  since  prevailed,  the  author  saj's 
there  are  three  distinct  pluises  in  the  action  of  the  supposed  ice :  1st,  its 
gradual  coming  on  ;  2d,  its  coutinnance  in  full  Intensity  ;  and  3d,  its  gra¬ 
dual  retreat.  During  the  first  epoch,  Mr  Lyell  observes,  only  the  hlgiier 
mountains  would  send  down  glaciers  to  be  melted  in  the  plains,  as  in 
Switzerland  ;  and  the  ice  would  be  in  constant  motion,  the  lower  boun¬ 
daries  sometimes  advancing,  sometimes  retrograding  •,  but  that  from  cen¬ 
tury  to  century  it  would  gradu.ally  extend  its  permanent  limits,  and 
would  finally  reach  tlie  sea.  During  the  advance,  he  says,  the  terminal 
moraines  would  be  pushed  forward,  and  forced  into  the  cavities  previously 
occupied  by  lakes.  While  the  second  period  continued,  he  conceives, 
the  snow  accumulated  to  vast  thicknesses,  filling  up  the  glens  and  plains, 
and  leaving  bare  only  the  pe.aks  and  precipices  of  the  loftier  mountains  ; 
and  that  from  these  points  the  fragments  were  detadied,  and  progressively, 
but  idmost  imperceptibly,  conveyed,  which  are  now  found  at  great  dis¬ 
tances  from  the  parent  rock,  and  at  high  levels.  To  the  third  epoch,  or 
that  du  ring  which  the  snows  and  glaciers  gradually  disappeared,  he  as¬ 
signs  the  deposition  of  the  erratic  blocks  on  the  hills  and  in  the  plains, 
and  the  production  of  the  tcrmin.al  moraines,  or  the  existing  transverse 
mounds,  as  well  as  the  accumulation  of  the  bodies  of  water  from  the 
melting  of  the  ice,  which  have  in  various  localities  overflowed  and  modi¬ 
fied  the  outline  of  the  stratified  detritus. 

III.  Oil  the  funner  Exlxtenee  of  Glaeh  rs  hi  the  North  ef  Emjland. 

By  Dr  Buckland. 

In  a  paper  read  to  the  Geological  Society  on  the  2d  of  December,  Dr 
Buckland  noticed,  that,  proceeding  southward  from  Edinburgh,  a  large 
portion  of  the  low  lands  is  composed  of  till,  or  the  argillaceous  detritus 
of  glaciers,  interspersed  with  pebbles.  In  the  valley  of  the  North  Tyne, 
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about  one  mile  east  of  Haddington,  be  observed  a  distinct  longitudinal 
moraine,  midway  between  the  river  and  the  highroad,  and  ranging  pa¬ 
rallel  to  them ;  and  he  directs  attention  to  the  trap-rocks  which  com¬ 
mence  a  little  farther  eastward,  and  are  intersected  by  the  North  Tyne 
for  four  or  five  miles  above  Linton,  as  likely  to  aflbrd  scored  and  striated 
surfaces  in  the  most  contracted  parts  of  the  valley.  About  four  miles 
west  of  Dunbar,  another  long  and  lofty  ridge  of  gravel  stretches  along 
the  valley,  parallel  to  the  right  bank  of  the  river ;  and  for  three  miles 
south-east  of  Dunbar  is  a  series  of  lateral  moraines,  modified  into  terraces 
by  the  action  of  water.  At  the  eastern  extremity  of  the  Lammermuir 
Hills,  in  the  high  valleys  through  which  the  road  passes  from  Cockburn- 
spath  to  Ayton,  are  traces  of  moraines,  disposed  in  terraces,  at  various 
elevations,  on  both  sides  of  the  river  ;  and  three  miles  north  of  Berwick, 
the  road  passes  near  an  insulated  group  of  round  and  oblong  mounds  of 
gravel,  lodged  on  the  slope  of  a  hill  300  or  400  feet  above  the  sea.  On 
many  parts  of  the  coast  of  Northumberland,  deposits  of  till  repose  on  the 
carboniferous  rocks,  especially  near  Newcastle.  At  the  village  of  North 
Charlton,  between  Belford  and  Alnwick,  MrC.  Trevelyan  conducted  the 
author,  in  1821,  to  an  extraordinary  ridge  of  gravel,  then  considered  a 
work  of  art,  but  which  Dr  Buckland,  after  an  examination  of  the  upper 
glacier  of  Grindelwald  and  that  of  Rosenlaui,  in  1838,  was  convinced  is 
a  moraine.  Immediately  below  the  vomitories  of  the  eastern  valleys  of 
the  Cheviots,  enormous  moraines  cover  a  tract  extending  four  miles  from 
north  to  south,  and  two  miles  from  east  to  west ;  and  the  highroad  winds 
among  them  from  nearWooler  through  North  and  South  Middleton,  and 
by  West  and  East  Lillburn,  to  Roscdcan  and  Wooperton ;  the  height 
of  these  moraines  varies  from  thirty  to  eighty  feet,  and  their  surfaces  are 
seldom  too  steep  to  prevent  the  passage  of  the  i>lough.  On  the  left  bank 
of  the  College  Burn,  immediately  above  a  bridge  at  Kirknewton,  Dr 
Buckland  discovered  a  moraine  thirty  feet  high,  only  the  summit  of  which, 
to  the  depth  of  a  few  feet,  was  stratified,  the  remainder  consisting  of  un- 
stratified  gravel,  inclosing,  however,  fragmentary  portions  of  a  stratified 
bed  of  sand,  some  of  which  were  vertical,  and  others  inclined ;  and  in 
the  greater  number  the  laminae  were  contorted  in  a  manner  explicable, 
he  says,  only  on  the  theory  of  a  bed  of  laminated  sand  having  been  se¬ 
vered  into  fragments,  which  had  subsequently  been  moved  and  convo¬ 
luted  by  the  slow  pressure  of  a  glacier  descending  the  deep  trough  of 
the  College  Burn,  from  the  northern  summit  of  the  great  Cheviot.  The 
proofs  of  the  action  of  glaciers  in  the  mountain  and  lake  districts  of  Cum¬ 
berland  and  Westmoreland,  Dr  Buckland  states,  are  no  less  frequent  than 
in  Scotland  and  Northumberland ;  and  he  adds,  assuming  that,  during 
the  glacial  period,  every  lake  became  a  mass  of  solid  ice,  large  lodgments 
of  moraines  might  be  expected  to  be  found  in  those  portions  of  the  sub¬ 
jacent  lowlands,  in  front  of  each  of  the  vomitories  by  which  the  waters 
of  the  lakes  are  now  discharged  from  this  lofty  group  of  mountains. 
Thus,  to  the  east  of  Fenrith,  near  the  junction  of  the  Eden  with  the 
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waters  of  the  Eaniont  and  the  Lowther,  are  extensive  moraines,  loaded 
with  enormous  blocks  of  porphyry  and  slate,  brought  down  by  glaciers 
from  the  high  valleys  which,  commencing  on  the  east  flank  of  Helvellyn, 
and  in  the  mountains  about  Patterdale,  descend  into  the  lake  of  Ulles- 
water,  and  from  those  by  which  the  tributaries  of  the  Lowther  are  con¬ 
ducted  from  the  eastern  flank  of  Alartindale,  and  from  Ilallswater  and 
Alardale.  A  remarkable  group  of  these  moraines  is  at  Eden  Hall,  four  • 
miles  east  of  Penrith.  On  the  southern  frontier  of  these  mountains  in 
Westmoreland  tind  Lancashire,  are  similar  moraines  on  a  most  extensive 
scale.  Thus,  immediately  below  the  gorge  through  which  tlie  waters  of 
the  Kenn  descend  from  the  mountains  of  Kenmuir  and  Long  Slcddale, 
the  valley  of  Kendal  is  covered  with  large  insulated  piles  of  gravel,  whilst 
smaller  moraines  and  the  detritus  of  moraines  nearly  fill  the  valley  from 
Kendal  to  iMorecambe  Hay.  Five  miles  north-east  of  Kendal,  in  the 
highroad  from  Shap,  and  on  the  shoulder  of  the  mountain  immediately  in 
front  of  the  valley  of  Long  Sleduale,  is  a  group  of  conical  and  oblong 
moraines,  distinguished  by  the  superior  fertility  of  their  soil  to  that  of 
the  adjacent  slate-rocks.  South  of  Kendal,  the  highroads  from  Burton 
and  Milthorpe  to  Lancaster,  pass  for  the  most  part  over  moraines  or  their 
detritus  ;  Lancaster  Castle  also  stands  on  a  mixed  mass  of  glacial  detritus, 
probably  derived  chiefly  from  the  outsweepings  of  the  valley  of  the  Lur.e. 
The  districts  of  Furness,  Ulverston,  and  Uiilton,  are  extensively  covered 
with  deep  deposits  of  moraines,  formed  from  the  wreck  of  mountains  sur¬ 
rounding  the  upper  end  of  Windermere  and  Coniston  Lakes ;  and  a  bed  or 
capping  of  till  and  gravel  thirty  or  forty  feet  thick  overlies  the  great  vein 
of  hematite  near  Ulverston.  The  south-west  and  western  portions  of 
Cumberland,  Dr  Uuckland  has  not  recently  examined  ;  but  he  is  of  opinion 
that  manj'  of  the  conical  hillocks  marked  on  Fryer’s  large  county  map, 
in  the  valley  of  the  Duddon,  will  prove  to  be  moraines,  derived  from  the 
adjacent  mountains  ;  also  those  on  the  right  of  the  Esk,  at  the  cast  and 
west  extremities  of  Munc.aster  Fell ;  and  those  near  the  village  of  Wast- 
dale.  Dr  Buckland  is  further  of  opinion,  that  though  no  similar  hillocks 
are  given  in  Mr  Fryer’s  map  on  the  north  side  of  the  Cumberland  group, 
yet  that  moraines  exist  near  Church,  in  the  valley  which  forms  the  outlet 
of  the  Ennerdale  Water ;  also  between  Cruminock  Water  and  Lorton,  and 
near  Isle  in  the  valley  by  which  the  Derwent  descends  from  Bassenth- 
waite  Lake  towards  Cockermouth.  Near  the  centre  of  the  lake  district 
are  extensive  moraines,  on  the  shoulder  of  Braw  Top,  immediately  south¬ 
east  of  Keswick  ;  and  Dr  Buckland  states  that  they  must  have  been 
medial  moraines,  formed  at  the  junction  of  the  valley  of  the  Greta  with 
that  of  Derwentwatcr.  The  author  was  prevented  from  seeking  for  po¬ 
lished  and  striated  surfaces  on  the  rocks  of  Cumberland,  but  he  noticed 
them  on  grcywacke  in  Dr  Arnold’s  garden  at  f'ashow,  near  Ambleside  ; 
and  near  the  slate  ([uarry  at  Kydal  ;  also  on  recently  exposed  rocks  by 
the  side  of  the  road  ascending  from  Grassmere  to  the  pass  of  Wythburn. 
The  rounded  and  mammillated  forms  of  many  of  the  rocks  at  the  bottom 
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of  tlie  valley  descending  from  Helvellyn,  by  Rydal  and  Anibleside  to 
Windermere,  he  states,  are  also  identical  with  those  which  come  beneath 
the  glaciers  of  Switzerland.  The  remarkable  Criffel  granite  boulders, 
between  Carlisle  and  Cockermouth,  Dr  B.  is  of  opinion,  were  transported 
across  the  Sohvay  on  ice.  The  author  then  proceeds  to  describe  the 
phenomena  of  the  distribution  of  the  wcll-knowm  Shap  granite  boulders, 
in  the  valleys  which  lead  down  from  the  Fell,  northwards  tow’ards  Shap 
and  Penrith,  and  southwards  towards  Kendal  and  Morccombe  Bay;  and 
on  the  high  table-land  of  Stainmore  Forest  to  the  east,  as  well  as  in  the 
same  direction,  in  the  valley  of  the  Tees,  from  Lartington  and  Barnard 
Castle  to  Darlington.  It  is  impossible.  Dr  Buckland  observes,  to  explain 
satisfactorily  the  dispersion  of  these  boulders  northwards,  southwards, 
and  easterly,  by  a  great  diluvial  current,  and  still  more  so  their  transport 
from  the  valley  of  the  Eden,  over  the  lofty  summits  of  Stainmore  Forest, 
into  the  valley  of  the  Tees.  The  glacier  theory,  he  states,  offers,  on  the 
contrart',  a  solution  of  the  difficulties.  A  glacier  descending  to  the  north 
from  Shap  Fell  would  convey  the  blocks  to  the  village  of  Shap,  and  dis¬ 
tribute  them  throughout  the  intervening  space  ;  another  glacier  ranging 
to  the  south  would  deposit  the  boulders  on  the  hills  and  in  the  valleys 
descending  by  Highborrow  bridge  to  Kendal ;  whilst  a  third  great  glacier, 
proceeding  eastwards  betwixt  Crosby,  Ravensworth,  and  Orton,  would 
traverse  tninsversely  the  upper  part  of  the  valley  of  the  Eden,  near 
Brough,  and  accumulate  piles  of  ice  against  the  opposite  escarpment,  un¬ 
til  they  overtopped  its  lowest  depression  in  Stainmore  Forest,  and  dis¬ 
gorged  their  moraines  into  the  valleys  of  the  Greta  and  the  Tees.  Of  the 
existence  of  this  glacier  there  arc  abundant  proofs  in  large  mud  moraines, 
loaded  with  blocks  of  granite  in  the  upper  portions,  over  which  the  road 
passes  in  the  ascent  to  the  gorge  between  Shap  P'ell,  andBirbeck  Fell,  and 
the  rocks  on  both  sides  of  this  gorge  are  perceived  in  an  east  and  west 
direction,  striated  and  mammillated,  cspccialh’  the  granite  on  the  northern 
side.  Dr  Buckland  also  shews  that  there  are  other  conditions  in  the 
physical  structure  of  the  district  to  facilitate  the  accumulation  of  glaciers, 
as  the  pressure  of  lateral  mountains  more  lofty  than  those  immediately 
contiguous  to  the  longitudnal  valley  into  which  the  glacier  is  supi>osed 
to  have  descended  ;  and  he  concludes  by  referring  to  the  results  at  which 
Professor  Agassiz  arrived  during  an  independent  examination  of  the  Shap 
Fell  district,  and  which  results  completely  accord  with  those  given  by 
Dr  Buckland  in  this  paper. 
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Description  of  several  New  or  Rare  Plants  which  have  lately 
Flowered  in  the  Neighbourhood  of  Edinburgh,  and  chiefly  in 
the  Royal  Botanic  Garden.  By  Dr  Graham,  Professor  of 
Botany. 

lOth  Dec.  1840. 


Bej^onia  Dregii.  Link,  Klot.  4'  Otto. 

B.  Drt'pit,  caulesoens,  ramosa,  glabra ;  radice  tuberosa ;  foliis  trans¬ 
verse  rhombuidcis,  duplicato-crenatis,  supra  argenteo-maculatis,  sub- 
tus  rubris  ;  pedunculis  bifloris ;  flor.  masculo  perianthii  segmentis 
duobuSjlfttTn.  segmentis  sex ;  capsula?  alis  duabus  majoribus  obtus- 
angulis,  una  rotundata. 

Begonia  Dregii,  Olto,  MS. 

Description. — Whole  plant  glabrous.  Root  tuberous,  tuber  flattened. 
Steal  (in  the  specimen  described  6  inches  high)  erect,  succulent,  glabrous, 
pale  red  faintly  streaked  with  greenish-white  oblong  spots,  many  rising 
from  the  crown  of  the  root,  branched.  Leaves  (li  inch  long,  2  inches 
across)  petioled,  oblique,  transversely  elliptico-rhomboid,  subpcltate, 
5-9-veined,  glabrous  on  both  sides,  green,  with  unequal  silvery  spots 
above,  red  below,  darker  on  the  nerves  and  their  branches,  doubly  cre- 
nate  ;  petioles  spreading  horizontally,  twice  as  long  as  the  leaves,  having 
a  shallow  channel  on  the  upper  side.  Stipules  large,  obliquely  ovate, 
colourless,  reflected  on  the  sides,  marcescent.  Peduncles  axillary,  about 
as  long  as  the  petioles,  spreading,  having  at  the  apex  two  opposite  bracts, 
similiir  to  the  stipules,  but  rather  snnuler,  more  round,  and  somewhat 
unequal.  Floivers(l  inch  across)  white,  two  arising  between  the  bracts, 
one  male,  the  other  female,  pedicellate,  expanding  about  the  same  time ; 
pedicels  unequal,  that  of  the  male  flower  the  longer,  and  nearly  equal  to 
the  length  of  the  peduncle.  Male  JUnver  dipetalous,  the  petals  subro¬ 
tund,  flat,  slightly  unequal.  Stamens  united  by  their  filaments  only  at 
the  base ;  connective  short,  broad,  the  two  anther-cells  forming  lines 
along  its  edges,  and  of  rather  paler  yellow  than  it.  Female  fioiver  6-pe- 
talous,  petals  undulate,  blunt,  elliptical,  two  opposite  narrower  than 
the  others,  which  are  subequal,  styles  broad,  fan-shaped,  undulate,  re¬ 
volute  and  twisted,  bearing  along  the  terminal  edge  the  i-illous  stig¬ 
mata,  which  are  of  darker  yellow  than  the  styles ;  germen  with  two  sub- 
equal  bluntly  pointed  wings,  which  are  larger  than  the  third  more 
rounded  one. 

Seeds  of  this  plant  were  obtained  from  M.  Otto,  Berlin,  in  April  1840,  with 
the  MS.  name  here  adopted  ;  and  I  have  since  learned  from  M,  Klotzsch 
that  seeds  and  dried  specimens  were  transmitted  from  the  Cape  of 
Good  Hope  to  the  Botanic  Garden  at  Berlin  by  M.  Drege.  I  regret 
that  I  do  not  know  at  what  distance  from  the  Cape  they  were  gathered, 
because  this  is  the  first  species  of  the  genus  which  has  been  detected 
on  the  continent  of  Africa,  and  the  first  any  where  to  the  southward  of 
the  tropic,  though  several  species  are  now  known  to  be  native  without 
the  tropic  in  the  northern  hemisphere. 


Portlandia  daphnoides.  Grab. 

I’ortlandia  daphnoides ;  foliis  ovato-ellipticis,  acutiusculis,  subtus  coii- 
cavis ;  floribus  axillaribus,  sexies  latitudine  sua,  folia  triple,  longiori- 
bus  ;  lobis  calycis  lineare-subulatis,  base  dilatatis ;  pistillo  stamini- 
busque  inclusis. 

Description. — Shrub  Tin  specimen  described  1  foot  3  inches  high)  erect. 
Leaves  (3  inches  long,  1}  broailj  crowded  near  the  top,  greatly  resem¬ 
bling  those  of  Daphne  laureola,  coriaceous,  dark  green  above,  pale,  con- 
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cave  below,  obovato-elliptical,  slightly  pointed,  entire,  central  rib  and 
oblique  and  scarcely  divided  veins  prominent  below,  petioles  very  short. 
Flowers  p<^cellate,  axillary,  solitary.  Calyx  5-partite,  green,  segments 
Eubulato-linear,  spreading,  half  as  long  as  the  peduncle  ;  corolla  (9  inches 
long,  1^  broad)  white,  pendulous,  funnel-shaped,  glandular  without  pu- 
^scence  ;  tube  in  its  lower  half  very  slender,  fleshy,  and  sharply  5-angled, 
in  the  upper  half  inflated,  subcylindrical,  and  having  five  ribs  leading  from 
the  angles  of  the  lower  half  to  the  sinuses  between  the  broivd  rounded 
lobes  of  the  slightly  spreading  limb.  Stamens  5,  reaching  to  within  an 
inch  of  the  sinuses  of  the  limb,  from  their  origin  at  the  base  of  the  co¬ 
rolla  ;  filaments  hard  and  wiry,  glabrous  ;  anthers  (li  inch  long)  linear, 
bursting  along  the  sides  ;  pollen  granules  minute  and  spherical.  Fisiil 
as  long  as  the  stamens ;  stigma  fiat,  passing  over  the  vertex  of  the  style, 
and  tapering  downwards  on  two  sides  for  a  qu;irter  of  an  inch  ;  style 
wiry,  glabrous,  colourless ;  germen  obovate,  green,  with  five  blunt  angles, 
inferior,  and  having  at  the  apex  five  blunt  lobes,  which  rise  above  the 
calyx,  and  surround  the  base  of  the  style ;  ovules  very  numerous,  on 
a  central  clavatc  placenta. 

This  plant  was  received  at  the  Eoyal  Botanic  Garden,  Edinbui^h,  from 
Cuba,  through  the  kindness  of  the  Condo  de  Femandina  in  1938,  has 
been  kept  in  the  stove,  and  flowered  for  the  first  time  in  August  1840. 
It  certainly  nearly  approaches  toPortlandia  yrandifiora,  but  it  seems  to 
me  specifically  distinguished  by  the  less  prominent  ribs  of  the  upper 
part  of  the  flower,  by  the  included  stamens  and  pistil,  by  the  very  ditfe- 
rent  form  of  the  calyx  segments,  by  the  more  coriaceous  somewhat  dif¬ 
ferently  formed  leaf,  more  acuminate  stipules,  and,  I  would  fain  hope, 
by  its  flowering  more  freely;  for,  notwithstanding  what  is  said  in  the 
Hot.  Mag.  of  the  e.asy  culture  and  free  flowering  of  the  i*.  grandiflora, 
it  is  universally  .acknowledged  among  cultivators  tliat  no  plant  is  with 
greater  ditficulty  kept  in  good  condition,  and  scarcely  any  flowers  less 
frequently.  A  little  more  experience  of  our  present  plant  may  shew 
it  to  have  the  same  fault  in  cultivation,  for  its  habit  is  very  much  like 
the  other. 

Physiantlms  auricomus,  Grah. 

P.  avdeomns  ;  caule  volubile,  piloso ;  foliis  obovatis,  acuminatis,  basi 
coidatis;  floribus  umbcllatis,  i)edunculo  petiolis  multo  longiorc  ;  stig- 
m.ate  inappcndiculato. 

G.ardner's  Specimens,  No.  1757. 

Desckiption. — Stem  woody,  with  milky  juice,  twining,  densely  covered 
with  spreading  harsh  yellow  hairs.  Leaves  (3-4.J  inches  long,  2-2| 
inclics  broad )  pctiolt>d,  obovate,  acuminate,  cordate  at  the  greatly  nar¬ 
rowed  base,  hairy  on  both  sides,  the  hairs  on  the  middle  rib  being  longer 
than  the  rest,  and  like  those  on  the  stem,  entire,  undulate,  rather  paler 
below  than  above;  petiole  about  one-fiftl»  part  of  the  length  of  the  leaf, 
channelled  above,  spreading,  very  hairy  on  the  back.  Peduncles  lateral 
in  reference  to  the  petioles,  half  as  long  as,  or  equal  to,  the  length  of 
the  leaf,  hairy,  umbellate,  flowers  expanding  in  succession  ;  bracts  in- 
volucrate,  ovato-lanceolate,  acuminate,  deciduous  ;  /ledicels  about  one- 
third  of  the  length  of  the  petluncle,  less  hairy.  Calyx  5-p.artite ;  seg¬ 
ments  ovato-lanceolate,  acuminate,  slightly  hairy,  connivent,  veined. 
Corolla  (\\  inch  long,  li  inch  across)  perfumed,  white,  somewhat  fleshy, 
funnel-shaped,  having  a  very  few  erect  hairs  ne.ir  the  throat,  and  every¬ 
where  else  glabrous ;  tube  longer  than  the  calyx,  swollen  below,  .and 
^  h.aving  five  gibbosities  .alternating  with  the  segments  of  the  calyx, 
scarcely  .angled  above,  faintly  marked  with  greenish  veins  on  the  out¬ 
side  ;  limb  5-parted,  segments  ovate,  spreading,  and  reflected.  Crown 
of  5  linear-oblong  green  flat  fleshy  segments,  erect  in  the  tube  of  the  co¬ 
rolla,  to  which  they  are  adpressed,  in  their  lower  half  adheremt  by  their 
'lacks,  and  alternate  with  Us  gibb-asities,  shorter  than  the  tube.  Sla- 
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mens  monadelphous,  opposite  to  the  lobes  of  the  crown,  and  subsessile 
upon  a  fleshy  mass  on  the  inside  of  the  base  of  each  of  these,  each  ter¬ 
minated  by  an  ovate  thin  and  colourless  membranous  appendage,  which 
is  spread  upon  the  side  of  the  stigma  alternately  with  small  dark  purple 
rhomboid  glands,  which  are  split  vertically  on  the  outer  side,  and  have 
suspended  from  them,  by  short  straight  arms,  two  flattened  cllipticiil 
yellow  pollen-masses,  which  are  lodged  in  cavities  on  the  inside  of  the 
base  of  the  membranous  appendages.  Each  stamen  has  two  yellow  car¬ 
tilaginous  spurs,  involute  in  the  etlges.  and  projecting  dow’nwards  by  the 
sides  of  the  short  stout  herbaceous  filament,  into  cavities  alternating 
with  the  fleshy  masses  on  the  inside  of  the  segments  of  the  crown, 
from  which  the  stamens  arise,  so  that  in  each  cavity  there  is  a  spur 
from  two  adjoining  stamens,  and  as  the  glands  are  immediately  above 
these  spurs,  the  pollen-masses  from  each  belong  to  two  stamens.  SHy- 
ma  largo,  white,  .angled  upon  the  sides  from  the  indentation  of  the  sta¬ 
mens,  rounded  on  the  top,  without  any  appendages.  iSVi/to  2,  short, 
erect,  par.allel,  yellow.  Oviil.  s  very  numerous,  skhider,  attached  to  large 
receptacles  from  the  inside  of  the  germen. 

I  first  saw  this  handsome  climber  extending  across  the  rafters  from  end 
to  eiid  of  a  stove  in  the  g.arden  at  Hales,  near  Liverpool,  the  seat  of 

- - -  Blackburn,  Esq.  in  October  1827.  It  was  covered  with 

blossom,  each  flower  remaining  long  in  perfection.  I  could  not  ascer¬ 
tain  from  whence  it  had  been  impwrted,  but  it  is  certainly  identical  with 
Gardner’s  wild  specimens  collected  in  the  province  of  Ceara  in  Brazil. 
A  cutting  from  the  Hales  plant  flowered  in  the  Botanic  Garden,  Edin¬ 
burgh,  in  October  1840,  but  it  will  never  be  seen  in  the  jK-rfection  I 
found  it  in  at  Hales,  unless,  as  there,  it  be  planted  in  a  border  under 
glass,  and  nut  kept  in  a  pot. 

Stylidium  Druminondii. 

S.  Drt'iiimondii ;  foliis  omnibus  radicalihus  csespitosis,  lanceolato-line.ori* 
bus,  acuminatis,  undulatis,  m.arginibus  reflexis,  cori.aceis,  utrinque 
nudis  nitidis,  base  squamis  elongatis  vaginatis,  scapo  folia  bis  super- 
ante,  glanduloso-pubescente,  paniculato ;  c,alyce  bilabiate,  labio  supe- 
riore  ’d-fido,  inferiore  2-parfito  ;  corolla  fauce  coronata. 

Desckiption. — LeavfS  (4-8  inches  long,  3  lines  broad)  all  r.adical,  lanceo- 
lato-linear,  attenuated  and  rigi  ’  at  nnev,  coriaceous,  glabrous  and 
shining  on  both  sides,  undulate,  eilges  revolute,  middle  rib  prominent 
both  above  and  below,  collected  into  fascicles,  and  sheathed  at  the  base 
by  elongated  red  scales.  Scajie  twice  as  long  as  the  leaves,  erect,  round, 
glanduioso-pubesccnt,  green,  bearing  upon  its  apex  a  large  ovate  pa¬ 
nicle,  of  which  the  branches  are  glanduloso-pubcscent,  ascending,  the 
lower  the  longer,  each  springing  from  the  axil  of  a  l.anceolato-subulate 
glandulo.so-pubescent  brai  f,  and  having  a  similar  br.act  at  each  subdivi¬ 
sion.  Flowers  largo  and  handsome,  the  terminal  one  of  e.ach  br.anch, 
somewhat  irregularly  upw.ards,  expands  first,  and  .also  the  terminal  one 
of  each  subdivision.  Calyx  green, glanduioso-pubesccnt;  tube  adherent, 
twisted,  elliptico-ovate ;  limb  bilabiate,  the  lips  placed  laterally,  the 
upper  3-fid,  the  lower  2  p.artite,  the  segments  linear-elliptical,  as  long 
as  the  tube.  Corolla  (fully  1  inch  bro.ad  from  .above  downwards,  I  inch 
across  the  middle  of  the  upper,  three-fourths  of  an  inch  across  the 
middle  of  the  lower  segments,  and  half  an  inch  across  the  faux)  very 
handsome;  limb  yellow  on  the  outside,  and  brownish  within  before  full 
expansion,  afterwards  ne.arly  white  on  the  outside  over  the  whole  of 
which  surface  it  is  glanduloso-pubescent,  and  bright  but  delicate  lilac 
on  the  inside,  where  it  is  glabrous,  h.aving  four  segments  diverging  in 
form  of  a  St  Andrew’s  cross,  elliptical,  undulate  .and  sinuated,  the  two 
lower  segments  being  rather  the  smaller,  and  more  nearly  obovate ; 
fifth  lobe  minute,  reflected  upon  the  tube,  obovate,  colourless  and 
shining  in  the  centre,  having  a  glanduhir  reddish-lilac  border  broadest 
at  the  apex,  and  two  slender  teeth  curved  upwards  at  its  base;  faux 
f-rownt'd  w  itli  two  erect  scimitar-shaped  appendages,  hairy,  and  .aliout 
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one-third  of  the  length  of  the  upper  segments  at  the  base  of  which  they 
are  placed,  and  two  small  slender  diverging  bipartite  teeth  at  the  base 
of  the  lower  segments,  the  former  being  tipped  with  lilac,  though  white 
below,  the  latter  every  where  colourless ;  tube  colourless,  twisted. 
Cohtmii  flattened,  slightly  dilated  in  the  middle,  where  it  is  reflected 
over  the  fifth  lobe  of  the  corolla,  above  this  flexure  slightly  coloured 
lil  ac  for  a  little  way  in  front,  near  the  top  pale  greenish-yellow  every 
where  else  colourless.  elliptical,  deflected,  the  lobes  of 

eatdi  being  placed  end  to  end  in  the  direction  of  the  column,  along  the 
mesial  line  K'fore  expansion  brownish,  pollen  yellow.  Stifima  green. 
(hrmeu  bilocular  in  the  lower  half,  septum  imperfect  in  the  upper. 
liect'i-tiich-  central,  ovules  numerous. 

This  most  beautiful  species,  perhaps  the  most  desirable  in  cultivation, 
not  only  on  account  of  the  great  size  of  its  flowers,  but  because  each 
blossom  n  mains  expanded  during  several  weeks,  and  these  toming  in 
succession,  keep  the  niant  in  perfection  for  a  time,  the  length  of  which 
we  do  not  yet  know,  was  raised  from  seeds  trans.ti'tled  from  Swan 
liiver  to  Mt  Low  of  Clapton  by  Mr  Drummond.  This  gentleman  has 
lately  added  so  greatly  to  the  plants  now  in  cultivation  in  Britain  from 
this  interesting  tolony,  that  I  take  delight  in  paying  him  the  only  com¬ 
pliment  in  my  power,  and  dedicating  to  him  wb.d  ts  by  much  the  most 
striking  of  these  tvhich  I  have  yet  seen  in  a  living  state.  A  plant  was 
kindly  sent  to  the  Botanic  Garden  by  Mr  Lr  w  in  O  tober  1839,  and 
expanded  its  first  flowers  iu  the  greenhouse  early  in  November  1040. 
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1840,  February  17. — Dr  Hope,  V.  P  ,  in  the  Chair.  The 
following  Communications  were  read  : — 

1.  On  the  Cosmogony  described  in  the  Sixth  Eclogue  of 
Virgil,  and  on  its  relation  to  the  theories  of  Modern  Geology. 
By  the  Venerable  Archdeacon  Williams. 

2.  A  brief  notice  relative  to  an  Aerolite  which  was  seen  to 
fall  near  .Tuvinas,  in  the  Department  of  the  Ardechein  France, 
on  the  15th  .Tune  1821.  By  Professor  Forbes. 

March  2. — Sir  T.  M.  Brisbane,  Bart.,  G.  C.  B.,  Pres.,  in  the 
Chair.  The  following  Communications  were  read  : — 

1.  On  the  Persian  mode  of  making  Malleable  Iron  direct 
from  the  Ore,  by  James  Robertson,  Esq.  Communicated  by 
Robert  Bald,  Esq. 

2.  On  the  Fatal  Effects  of  Air  drawn  into  the  Veins  during 
Surgical  Operations  on  the  Neck  and  Shoulder.  Br  Sir 
Charles  Bell,  K.  H. 

March  16. — Right  lion.  Lord  Greenock,  V.  P.,  in  the  Chair. 
The  follon  ing  Communications  n  ere  read  : — 
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1.  On  the  Sulphuret  of  Cadmium,  a  New  Mineral  (first  ob¬ 
served  by  Lord  Greenock).  By  Arthur  Connell,  Esq. 

2.  On  an  Optical  Illusion  giving  the  idea  of  an  Inversion  of 
Perspective  in  viewing  objects  through  a  Telescope.  By  Pro¬ 
fessor  Forbes. 

3.  Collection  of  African  Shells.  Presented  by  .J.  O.  Mac- 
William,  Esq.,  Surgeon  R.  N. 

4.  A  collection  of  Fossil  Shells,  from  the  great  deposit  near 
Uddevalla,  in  Sweden,  presented. 

April  6. — Sir  T.  IVI.  Brisbane,  Bart.,  G.  C.  B.,  Pres.,  in  the 
Chair.  The  following  Communications  were  read  : — 

1.  Notice  regarding  the  Growth  of  Plants  in  Close  Glazed 
Cases.  By  Allan  Maconochie,  Esq. 

2.  Results  of  Additional  Experiments  on  Terrestrial  Mag¬ 
netism.  By  Professor  Forbes. 

April  20. — Sir  T.  M,  Brisbane,  Bart.,  G.  C.  B.,  Pres.,  in  the 
Chair.  The  following  Communications  were  made  : — 

1.  “  Sir  Charles  Bell  reiiuested  leave  to  withdraw  his  paper 
on  the  fatfd  eftvts  of  air  admitted  into  the  veins  of  the  neck  during 
surgical  operations,  in  order  to  make  additions. 

2.  On  tiie  Origin  and  Progress  of  Grecian  Sculpture.  By 
Dr  Traill.  Part  I. 

3.  Account  of  Earthquakes  felt  in  Scotland  during  the  Au¬ 
tumn  and  Winter  of  1839.  By  David  Milne,  Esq. 

“  1.  The  first  part  of  the  paper  described  the  number  and  in¬ 
tensity  of  the  shocks  felt  between  the  3d  October  1839  and  13th 
April  1840,  the  point  (situated  near  Connie)  from  which  they 
emanated,  and  the  distance  to  which  they  extended. 

“  II.  The  next  part  of  the  paper  was  occupied  with  an  account 
of  the  ert'oets,  both  physical  and  moral,  produced  by  the  shocks. 
Under  the  first  class  were  described  the  difierent  kinds  of  injury 
done  to  walls,  accoiding  to  their  direction,  and  the  nature  of  the 
giound  on  w  hich  they  were  built.  Under  the  second  were  men¬ 
tioned  the  alarm  felt  by  the  inhabitants  of  Strathearn  during  the 
great  shock  of  23d  October,  as  also  the  quick  preception  of  it  by 
the  lower  animals,  and  the  terror  they  evinced  at  it. 

“III.  The  nature  of  the  movement  of  the  earth's  surface  which 
caused  the  foregoing  efi’ects  was  next  noticed,  and  data  were  given 
illustrating  the  form  of  the  undulation  which  was  produced.  The 
noises  also  that  accompanied  the  shocks  were  fully  described,  and 
the  probable  cause  of  them  stated. 
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“  Various  other  concomitant  phenomena  of  an  unusual  charac¬ 
ter  were  noticed,  such  as  the  evolution  of  electricity,  the  diffusion 
throughout  the  atmosphere  of  something  which  caused  a  smell, 
variously  described  as  ‘  metallic,’  ‘  sulphureous,’  and  like  the 
‘  washings  of  guns ;’  as  also  the  appearance  in  various  parts  of 
Strathearn  of  a  fine  black  powder,  which  appeared  to  consist 
chiefly  of  carbonaceous,  and  partly  of  siliceous  and  calcareous 
matter. 

“  IV.  Tbe  last  part  of  the  paper  was  devoted  to  remarks  on  the 
way  in  wliich  the  undulation  of  the  earth’s  surface  was  caused, 
and  the  circumstances  which  may  have  produced  the  earthquakes. 

“  In  reference  to  the  first  point,  various  reasons  were  assigned 
why  the  phenomena  were  more  intelligible  on  the  supposition 
that  they  were  caused  by  vibrations  transmitted  tbrough  the  solid 
crust  of  the  earth  than  on  the  theory  supported  by  many,  that 
they  were  caused  by  undulations  in  tiie  body  of  molten  matter  on 
which  the  earth's  crust  may  be  resting.  These  vilnations  were 
probably  caused  by  ruptures  or  explosions  at  a  considerable  depth 
beneath  the  earth’s  surface. 

“  In  regard  to  the  cause  of  these  ruptures,  it  was  observed  that 
the  hills  in  the  immediate  neighbourhood  of  Strathearn  are  chiefly 
primitive,  and  of  igneous  origin,  and  that  there  are  numerous 
greenstone  and  basaltic  dykes,  indicating  renewed  volcanic  action 
at  subsequent  periods.  There  are  ajrparently  extensive  fissures  in 
the  earth’s  crust  in  this  part  of  Perthshire.  It  was  also  observed 
that,  during  the  month  previous  to  the  occurrence  of  the  earth¬ 
quake,  the  atmospheric  pressure  had  been  greatly  less  than  usual ; 
and  that  the  quantity  of  rain  which  fell  was  almost  unprecedented 
in  the  central  parts  of  Scotland.  There  appeared  to  be  some  con¬ 
nection  between  the  state  of  the  atmosphere  in  both  these  respects 
and  the  occurrence  of  the  earthquakes,  judging  from  some  obser- 
vatioBS  made  last  autumn,  but  more  particularly  from  the  frequent 
coincidence  of  shocks  in  former  years  with  a  similar  state  of  the 
atmosphere.  Some  views  were  offered  as  to  the  influence  which 
these  circumstances  might  have  in  giving  rise  to  the  earthquakes. 

“  Notice  was  taken  of  shocks  which  had  been  felt  in  other  parts 
of  Europe,  at  the  time  that  sliocks  occurred  in  Scotland.” 


Proceedings  of  the  Wernerian  Xatural  History  Society. 
(Continued  from  Vol.  xxlx.  p.  177.) 

The  thirty-fourth  Session  commenced  on  the  14tA  Noremler  1840, 
Professor  Jameson,  P.,  in  the  Chair.  The  following  office-bearers  were 
elected  for  1841  : — 

Prfsidi  nt. 

Robert  Jameson,  Esq.  F.R.SS.L.  &  E.,  Professor  of  Xatural  History  in 
the  University  of  Edinburgh. 
yicc-Prefithnlf. 

■\V.  A.  Cadell,  Esq.  I'.H.SS.E.  &  E. 
Dr  Robert  Hamilton,  F.K.S.E. 


Dr  Walter  Adam. 

Dr  T.  S.  Traill,  F.R.S.E. 
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Sec. — Dr  Pat.  Neill,  F.R.S.E.  .i4MiV.-Zt6.-E.  J.lI,CuxxiNGnAM,Esq. 
Afsist.-Scc. — T.  J.  Torrie,  Esq.  F.E.S.E.  Painter, — P.  Syme,  Esq. 

Treas. — A.  G.  Ellis,  Esq.  Assist. — AV.  II.  Townsend,  Esq. 

Lib. — James  Wilson,  Esq.  F.R.S.E. 

Council, 

Dr  Robert  Graham,  F.R.S.E.  Edward  Forbes,  Esq. 

Sir  W.M.  Newbiggixg,  F.R.S.E.  Robert  Stevenson,  Esq.  F.R.S.E. 
David  Falcon.ar,  Esq.  David  Milne,  Esq.  F.R.S.E. 

Dr  Robert  Paterson.  John  Stark,  Esq.  F.R.S.E. 

Two  papers  were  read.  The  first  was  an  account  of  the  Gold  Tract 
of  the  Southern  Mahratta  country,  hy  Lieutenant  Ncwbold,  .\ide-de-camp 
to  General  Wilson.  The  author  ^ave  an  interesting  history  of  the  dis¬ 
covery  of  gold  in  the  various  localities  where  it  has  been  obtained  in 
that  region  ;  and  communicated  geognostical  observations  on  the  mode 
of  its  occurrence,  from  which  it  appears  that  its  position  is  in  veins  and 
disseminated  grains  in  primitive  slates,  and  that  it  is  found  most  fre¬ 
quently  near  their  line  of  junction  w’ith  granites  or  trap-rocks.  The  other 
paper  was  by  the  Rev.  John  Toplis,  B.D.,  of  South  Walsliam,  Norfolk, 
and  was  entitled  Remarks  on  Hydrostatical  Pressure,  as  .an  oecasional 
cause  of  Earthquakes  (published  in  the  present  No.  of  Journal,  p.  84). 

A  number  of  donations,  received  for  the  Society  during  the  recess, 
were  then  announced,  and  placed  on  the  table ;  in  particular,  a  rich  col¬ 
lection  of  Scottish  Shells,  by  the  Rev.  David  Landsborough  of  Ste¬ 
ven  ston. 

November  28. — Dr  Traill,  V.  P.,  in  the  Chair.  Mr  Edward  Forbes  read 
the  first  p.art  of  his  Remarks  on  the  Classification  of  the  Mollusca,  of  which 
the  following  is  an  abstract : — The  .author  stated  that  the  systematic  views 
at  present  adopted  regarding  the  mollusca  are  for  the  most  part  empirical 
and  wanting  in  philosophical  precision,  and  that  he  now  attempted  to  re¬ 
medy  confusion  by  framing  an  hypothesis  of  the  classific.ation  of  the  mollus¬ 
ca  from  the  view  of  their  position  in  the  animal  series,  and  of  their  rela¬ 
tion  to  the  other  great  classes,  .\ssaming  five  animal  types,  of  which 
the  Amorphozo.a,  the  Radiata,  the  Mollusca,  the  Annulata,  and  the  Ver- 
tebrata,  arc  the  representatives,  each  of  these  typical  classes  is  sup¬ 
posed  to  pass  through  one  or  more  parallels  corresponding  to  those  types, 
and  in  its  passiigc  to  exhibit  formal  and  structural  analogies  with  such 
animals  of  the  other  types  as  may  be  placed  in  the  same  parallel.  The 
parallels  are  termed  those  of  Amorphism,  Radiism,  Mollism,  Annulism, 
and  Vertebrism.  The  t3’pical  class  Mollusca  is  supposed  to  pass  through 
four  of  the  parallels,  its  lowest  forms  being  radiated  (as  the  compound 
tunicata),  its  highest  vertebrated  (as  the  cephalopoda).  It  was  pio- 
posed  to  ascertain  the  true  relations  of  the  classes  and  orders  of  the 
mollusca,  by  observing  their  relative  position  in  the  passage  of  the 
type  through  the  various  parallels.  It  was  also  maintained  that  the  two 
spheres,  animal  and  vegetative,  are  represented  throughout  the  typi- 
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cal  classes,  and  that,  whenever  two  groups  of  any  ranks  are  structurally 
and  formally  equal,  one  will  be  found  to  represent  the  animal  sphere,  and 
one  the  vegetative.  To  ascertain  the  true  sources  of  character  on  which  to 
base  the  various  groups  of  the  mollusca,  that  type  must  be  viewed  gene¬ 
rally  ;  i  st,  in  regard  to  the  wfiole  animal  kingdom;  and,  2d,  per  se  ns 
typical  of  some  great  function.  In  the  first  point  of  view,  they  represent 
the  progression  towards  a  cerebral  concentration  of  the  nervous  system, 
and  accordingly  the  highest  divisions  of  the  type  must  be  derived  from 
that  system ;  in  the  second,  they  represent  the  function  of  respiration, 
since  they  exhibit  all  the  modifications  of  the  respiratory  system,  and  from 
that  system  must  be  derived  the  ordinal  divisions.  The  shell  of  the  true 
mollusca  is  a  modification  of  the  dermato-skelcton  for  the  express  protec¬ 
tion  of  the  respiratory  organs,  and  accordingly  it  plays  an  important  part 
in  the  true  arrangement  of  the  order.  The  shell  of  the  cephalous  mollusks 
is  of  a  very  different  nature,  and  owes  its  form  and  structure  to  the  posi¬ 
tion  of  the  shelled  cephala  in  the  parallel  of  annulism,  it  being  an  articu¬ 
late  shell,  representing  the  testaceous  covering  of  the  forameni/era. 

The  ht’pothetical  arrangement  of  the  cli.sscs  and  orders  of  the  mollusca 
resulting  from  this  view  may  be  expressed  as  follows : — 


ClaKsiciil  Xumber 

MOLLUSCA. 

Ordinal  Number 

1 

Cephala, . 

1 

1  Pulmonifera, 

1 

1 

Paracephala,  -j  Phyllobranchiata, 

1 

(  Pectinibranchiata, 

1 

t  Lamellibranchiata, 

1 

1 

Acephala,  Palliobranchiata, 

1 

(  Heterobranchiata, 

1 

3 

7 

There  was  then  read  a  notice  by  Air  John  Balfour  of  Toronto,  Upper 
Canada,  on  the  so-called  Sulphur  Showers  of  the  Canadas  and  United 
States,  and  a  specimen  was  exhibited.  Dr  Neill  read  a  communication 
from  Mr  MacGillivray,  stating  that  the  Pink-footed  or  Short-billed  Goose, 
Anser  brachyrhgnchus,  occurs  occasionally  on  the  stalls  of  our  poultry 
market,  and  is  generally  mistaken  for  the  Bean  Goose,  Anser  segetum. 
That  species,  however,  is  distinguished  by  very  marked  characters,  and 
is  the  most  common  with  our  poulterers ;  the  true  Grey  Lag,  Anser  palus- 
tris,  of  Ray  and  Dr  Fleming,  being  of  rare  occurrence.  It  is  but  very 
recently  that  the  short-billed  goose  has  been  clearly  distinguished ;  and 
this,  together  with  other  occurrences  of  a  similar  nature,  ought  to  shew 
that  such  characters  as  ‘  head  and  neck  brown,  upper  parts  grey,  lower 
paler,  tail  of  sixteen  fe  ithers,’  whieh  are  common  to  several  species,  are 
not  sufficient  to  enable  one  to  determine  the  species  of  a  bird  that  he  may 
have  procured.  The  peculiar  habits  of  the  pre.sent  goose  are  as  yet  little 
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known,  although  it  has  recently  been  found  in  France  and  England ;  Mr 
Bartlett  in  the  latter  country  having  described  it  under  the  name  of  Anser 
phaenicopus,  the  Pink-footed  Goose,  although  it  was  previously  distin¬ 
guished  by  a  French  naturalist,  and  is  also  described  in  the  fourth  volume 
of  M.  Temminck’s  Manuel  d’Ornithologie.  A  fine  specimen  of  the  pink¬ 
footed  goose  was  exhibited. 

Mr  Trevelj'an  exhibited  some  curiously-fractured  quartz-pebbles  from 
the  old  red  sandstone  conglomerate  of  Auchmithie,  on  the  coast  of  Forfar¬ 
shire  ;  and  also  some  specimen  plates  of  ^Ir  Boscawen  Ibbetson’s  ap¬ 
plication  of  the  Daguerreotype  to  the  representation  of  fossil  organic 
remains. 

December  12. — Dr  Traill,  V.P.,  in  the  chair.  The  Assistant-Secretary 
read  notes  of  an  expedition  to  the  Sutledgc  and  in  the  Himmalehs,  by 
William  Jameson,  Esq.  Assistant-Surgeon,  H.E.I.C.S.  During  his  tour, 
the  author  visited  many  of  the  localities  from  which  the  collections  made 
by  Baker,  Cautley,  Falconar,  Colvin,  Clerk,  and  Macleod,  had  been  ob¬ 
tained,  and  also  some  new  points  where  fossils  are  found.  He  states,  that 
there  is  evidence  of  the  occurrence  of  these  renuuns  throughout  the  whole 
Sivalick  range  which  extends  between  the  Jumna  and  Sutledge,  or  over 
a  tract  of  country  upwards  of  ninety  miles  in  length.  The  sandstone  con¬ 
taining  the  organic  remains  is  inclined  at  a  considerable  angle,  and  the 
author  is  of  opinion  that  volcanic  action  must  have  operated  in  the  dis¬ 
trict  posteriorly  to  the  destruction  of  the  animals  whose  remains  are  now 
met  with  in  a  fossil  state.  The  following  are  the  genera  hitherto  disco¬ 
vered  in  a  fossil  state  in  the  Sivalick  range  : — Simla,  Ursus,  Canis,  Hyaena, 
Felis,  Gulo,  Mus,  Hystrix,  Elephas,  Mastodon,  Hippopotamus,  Sus,  I’a- 
laeotherlum,  Anthracothcrium  (Chacrotherium,  Falc.  &  Caut.),  Rhinoce¬ 
ros,  Equus,  Sivatherium,  Camclus,  Cervus,  Antilope,  Bos,  Gaviala,  Cro- 
codilus,  Emys,  Trionyx,  Ardca.  There  are  species  living  at  the  present 
day  of  all  the  genera  found,  except  four. 

Mr  John  Goodsir  read  an  account  of  certain  peculiarities  in  the 
structure  of  the  Short  Sun-Fish,  Orthagoriscus  Mola  (published  in  this 
No.  of  the  Journal,  p.  189). — A  memoir  by  Dr  John  Richardson  was  then 
read,  on  the  Frozen  Soil  of  North  America  (also  published  in  this  No., 
p.  110). — Dr  Traill  exhibited  specimens  of  Witherite  or  Carbonate  of 
Barj’ta  from  a  new  locality  in  Wales,  and  made  remarks  on  the  mine 
from  which  it  is  extracted.  This  mine  is  close  to  the  right  side  of  the 
public  road  leading  from  St  Asaph  to  Holywell,  .about  three  miles  from 
the  former  town,  among  the  clay-sl.ate  mountains  that  form  the  eastern 
boundary  of  the  fertile  valley  of  Clwyd,  and  near  the  junction  of  the  slate 
with  the  mountain  limestone.  It  is  in  the  mining  district  of  Rliualt,  and 
the  mine  where  it  is  chiefly  found  is  n.amed  the  Pennant  Mine.  The 
entrance  to  the  veins  containing  it  is  by  .an  adit  near  the  road,  which 
serves  .as  a  drain  to  the  workings  in  the  upper  part  of  the  hill,  with  an 
inclination  from  its  upper  part  to  its  exit  of  25  feet. 


215 


Scientific  Intelligence. 

The  carbonate  is  found  in  veins  along  the  adit,  and  descend'ng  below 
it,  and  is  ndxed  with  sulphate  of  baryta,  and  some  galena,  but  the  prin¬ 
cipal  product  of  this  part  of  the  workings  is  the  carbonate,  which  occurs 
in  such  quantity  as  to  become  an  object  of  mining  industry. 

It  is  sold,  like  the  sulphate  of  the  same  earth  raised  in  the  upper 
part  of  the  vale  of  Clwyd,  the  Isle  of  Arran,  and  Renfrewshire,  for  the 
avowed  purpose  of  adulterating  white  paint,  and  is  more  difficult  of  de¬ 
tection  than  the  other  adulteration,  because  it  efiervcsces  with,  and  is  so¬ 
luble  in,  muriatic  or  hydrochloric  acid.  It  is  also  sold  on  a  more  limited 
scale  for  chemical  purposes.  We  have  now,  then,  in  Southern  Britain, 
five  great  localities  of  Carbonate  of  Barj-ta — Anglezark  in  Lancashire, 
Aldstone  Moor  in  Cumberland,  Arkingarthdale  or  Arkindale  in  York¬ 
shire,  Snailbeach  in  Shropshire,  and  Rhualt  in  Flintshire. 


SCIENTIFIC  INTELLIGENCE. 

1.  Foxsil  Fishes  of  Orkney. — On  Monday,  21st  December,  Dr 
Traill  exhibited  to  the  Royal  Society  specimens  of  all  the  fossil 
fishes  collected  by  him  from  the  old  red  sandstone  formation  of 
the  Orkney  islands, 

A  part  of  tliis  collection  had  been  submitted  to  the  Geological 
Section  of  the  British  Association  at  Edinburgh,  in  1834,  when 
they  were  examined  by  M.  Agassiz,  who  not  only  found  among 
them  new  species,  but  new  genera.  Among  them,  he  saw,  for  the 
first  time,  the  genus  Diplopterus,  which  he  has  slightly  noticed  in 
his  work.  The  cliaracters  of  this  genus  are,  “  Two  anal,  equal 
and  opposite  to  two  dorsal,  fins ;  tail  with  nearly  equal  and  even 
lobes;  niouth  large,  and  furnished  with  large  conical  teeth.”  The 
size  of  the  mouth  and  form  of  the  tail  distinguish  it  from  Dip- 
terus,  which  has  a  small  head,  and  a  deeply  bifid  tail ;  and  the 
possession  of  t  w  o  equal  and  opposite  dorsal  and  anal  fins  distin¬ 
guishes  it  no  less  from  Osteolepis  and  Palmoniscus. 

The  species  from  which  M.  Agassiz  established  the  genus  has 
not  yet  been  published ;  and  as  another  species  of  Diplopterus  has 
lately  been  discovered  in  Scotland,  and  also,  it  is  said,  in  Ireland, 
Dr  Traill,  assuming  the  privilege  usually  allowed  to  the  finder  of 
a  new  species,  and  desirous  of  connecting  with  his  country  the 
name  of  the  celebrated  naturalist  w  ho  has  done  so  much  to  illus¬ 
trate  its  fossil  ichthyology,  proposes  to  mark  this  Orkney  species 
as  DiCLOPTERrs  Agassis,  a  designation  under  which  it  has  been 
already  sent  to  ditferent  geological  collections.  The  number  of 
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fossil  fislies  already  noticed  by  M.  Agassiz  as  found  in  Orkney, 
are. — 

1.  Osteolepis  macrolepidotus. 

2.  -  niicrolepidotus. 

3.  Cheirolepis  Traillii. 

4.  Cheiracanthus  minor. 

5.  I)ii)lo])teriis  Agassis. 

6.  Diplocanthus  crassissimus. 

7.  Coccosteus  latus. 

8.  Dipterus  n.acrolcpidotns. 

9.  Platygnathus  paucidens. 

10.  Pteiiclitys  Milleri? 

2.  Notire  of  the  Publirations  of  Profrs.tor  Aijcissiz _ During  the 

recent  visit  of  Professor  Agassiz  to  tlii.s  coiuitry,  we  had  an  oppor¬ 
tunity  of  seeing  the  newest  j-arts  of  the  various  important  works 
now  in  progress  by  that  distinguished  and  indefatigable  natural¬ 
ist,  and  we  think  it  may  be  useful  to  our  readers  to  notice  the 
exact  state  of  advancement  in  which  they  severally  are  at  i)resent. 

Of  his  Recherches  sur  les  Poissons  Fossiles  the  fourteenth  part 
is  now  ready,  and  the  fifteenth,  which  will  terminate  the  ori¬ 
ginal  work,,  will  soon  appear.  Owing  to  the  abundance  and 
novelty  of  the  materials  lately  found  by  Professor  Agassiz  in 
Britain,  he  proposes  publishing  a  supplement.  The  first  part 
has  appeared  of  the  very  beautiful  “flistoirc  NaturrUe  drs  Poissons 
d'eau  douce  de  V Europe  Crntrale,"  containing  the  SaJmo  and  Thy- 
maUus;  and  the  second  part  is  ready,  and  will  be  speedily  pub¬ 
lished,  contaiiiLiig  descriptions  and  plates  illustrative  of  the  de¬ 
velopment  of  the  S'dmonidir.  The  first  of  the  “  dionographies 
d' Eehinodermrs  vivans  rt  fossiles,"  containing  the  “  Suirnies,"  has 
been  published  ;  the  second,  containing  the  “  Seutelles,"  and  the 
third,  containing  the  "  Gale  rites  "  are  nearly  ready.  The  first 
and  second  parts  of  the  “  Description  dcs  Echinodermes  fossiles  de 
la  Sui.sse,,'  containing  the  “  Spatangoides,"  “  Clypeastroides,"  and 
the  “  Cidarites,"  are  already  before  the  public  ;  the  third  and  con¬ 
cluding  part,  containing  the  “  Asteries"  and  “  Crinoides,"  will  ap¬ 
pear  about  the  end  of  1841.  The  first  part  has  appeared  of  the 
“  Etudes  Critiques  sur  les  dlolhisques  fossiles,"  containing  the 
“  Trigonies."  Professor  Agassiz  has  also  published  a  Memoir,  ex¬ 
planatory  of  the  casts  of  molluscous  animals  prepared,  under  his 
direction,  at  Neuchatel. 
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List  of  Patents  granted  for  Scotland from  24/A  September  to 
22d  December  1840. 

1.  To  John  Lambbrt  of  No.  12  Coventry  Street,  in  the  parish  of  Saint 
James,  within  the  liberty  of  the  city  of  'NVestininster,  gentleman,  being  a 
communication  from  abroad.  “  certain  improvements  in  the  manufacture  of 
soap.” — 24th  September  1840. 

2.  To  James  Buchanan,  merchant  in  Glasgow,  “  certain  improvements 
in  the  machinery  applicable  to  the  prepiiring,  twisting,  and  spinning,  and  also 
in  the  mode  of  preparing,  twisting,  and  spinning  of  hemp,  flax,  and  other 
fibrous  substances,  and  certain  improvements  in  the  mode  of  applying  tar 
or  other  preservative  to  rope  and  other  yarns.” — 24th  September  1840. 

3.  To  Alexander  Francis  Campbell  of  Great  Plumstead,  in  the  county 
of  Norfolk,  Esquire,  and  Charles  White  of  the  city  of  Norwich,  mechanic, 
“  improvements  in  ploughs  and  certain  other  agricultural  implements.” — 
29th  September  1840. 

4.  To  Amand  de  Planque  of  Lisle,  in  the  kingdom  of  France,  but  now 
residing  at  120  Regent  Street,  in  the  county  of  Middlesex,  gentleman,  being 
a  communication  from  abroad,  “  improvements  in  looms  for  weaving.” — 
29th  September  1840. 

5.  To  George  Delianson  Clark  of  the  Strand,  in  the  county  of  Middle¬ 
sex,  gentleman,  being  a  communication  from  abroad,  “  improvements  in  coke 
ovens.” — 5th  October  1840. 

C.  To  Richard  Beard  of  Egremont  Place,  New  Road,  in  the  county  of 
Middlesex,  gentleman,  being  a  communication  from  abroad,  “  improvements 
in  printing  calicoes  and  other  fabrics.” — 7th  October  1840. 

7.  To  Robert  Beart  of  Godmanchester,  in  tho  county  of  Huntingdon, 
miller,  “  improvements  in  apparatus  for  filtering  fluids.” — 14th  October  1840. 

8.  To  Thomas  Farmer  of  Grumesbury  House,  near  Acton,  in  the  county 
of  Middlesex,  Esquire,  “  improvements  in  treating  pyrites  and  other  m.atters 
to  obtain  sulphur,  sulphurous  ai-id,  and  other  products.” — 14th  October  1840. 

9.  To  Thomas  S.medley  of  Holywell,  Flintshire,  gentleman,  “  certain  im¬ 
provements  in  the  manufacture  of  tubes,  pipes,  and  cylinders.” — 27th  Octo¬ 
ber  1840. 

10.  To  George  Hickes  of  Manchester,  .agent,  “  an  improved  machine  for 
cleaning  or  freeing  wool  and  other  fibrous  materials  of  burs  and  other  sub¬ 
stances.” — 27th  October  1840. 

11.  To  Miles  Berry  of  the  office  for  patents,  C6  Chancery  Lane,  in  the 
county  of  Middlesex,  patent-agent,  being  a  communication  from  abroad, 
“  certain  improvements  in  the  arrangement,  construction,  and  mode  of  ap¬ 
plying  certain  apparatus  for  propelling  ships  and  other  vessels.” — 29th  Oc¬ 
tober  1840. 

12.  To  Edmund  Rudoe  junior,  of  Tewkesbury  in  the  county  of  Glouces¬ 
ter,  tanner,  “  a  new  method  or  methods  of  obtaining  power  for  locomotive 
and  other  purposes,  and  of  a^iplying  the  same.” — 2d  November  1840. 

13.  To  Benjamin  Hick  junior,  of  Bolton-le-Moors  in  the  county  of  Lan¬ 
caster,  engineer,  “  certain  improvements  in  regulators  or  governors,  for  re¬ 
gulating  or  adjusting  the  speed  of  rotary  motion  of  steam-wheels,  water- 
wjiecls,  and  other  machinery.” — 3d  November  1840. 

14.  To  John  Condie,  manager  of  tho  Blair  Iron  Works  in  the  parish  of 
Dairy  in  the  county  of  Ayr  in  Scotland,  “  improvements  in  applying  springs 
to  locomotive  .and  railway  and  other  carriages.” — 4th  November  1840. 

15.  To  Luke  Hebert  of  Birmingh.am  in  the  county  of  Warwick,  solicitor 
of  patents,  being  a  communication  from  abroad,  “  improvements  in  the  ma- 
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nufacture  of  cofered  spades  and  shovels,  soughing  and  grafting  tools.”— 4th 
November  1840. 

16.  To  Arthur  Wall  of  Bermondsey  Wall  in  the  county  of  Surrey,  sur¬ 
geon,  “  a  new  composition  for  the  prevention  of  corrosion  in  metals  and  for 
other  purposes.” — 5th  November  1840. 

17.  To  James  Heywood  Whitehead  of  the  Royal  George  Mills  in  Sad- 
dleworth  in  the  county  of  York,  manufacturer,  “  improvements  in  the  ma¬ 
nufacture  of  woollen  belts,  bands,  or  driving-straps,” — 6th  November  1840. 

18.  To  Samuel  Wilkes  of  Darleston  in  the  county  of  Suffolk,  iion-foun- 
der,  “  improvements  in  the  manufacture  of  Aices.” — 6th  November  1840. 

19.  To  Joseph  Bennett  of  Tunilee  near  Glossop  in  the  county  of  Derby, 
cotton-spinner,  “  certain  improvements  in  mailiines  for  cutting  rags,  ropes, 
waste,  hay,  straw,  or  other  soft  or  fibrous  substances  usually  subject  to  the 
operation  of  cutting  or  chopping,  part  of  which  improvements  are  applicable 
to  the  tearing,  pulling  in  pieces,  or  opening  of  rags,  ropes,  or  other  tough 
materials.”— 9th  November  1840. 

20.  To  Charles  Payne  of  South  Lambeth  in  the  county  of  Surrey,  gen¬ 
tleman,  “  improvements  in  salting  animal  matters.” — 11th  November  1840. 

21.  To  Henry  Hind  Edwards  of  Nottingham  Terrace,  New  Eoa'l,  in 
the  county  of  Middlesex,  being  a  communication  from  abroad,  “  improve¬ 
ments  in  evaporation.” — 11th  November  1840, 

22.  To  Elijah  Galloway  of  Manchester  Street  in  the  county  of  Mid¬ 
dlesex,  engineer,  ”  improvements  in  propelling  railroad  carriages.” — 11th 
November  1840. 

23.  To  Nathan  Defp.ies  of  Paddington  Street  in  the  county  of  Middle¬ 
sex,  engineer,  “  improvements  in  gas  meters.” — 11th  November  1840. 

24.  To  Henry  IIouldsworth  of  Manchester  in  the  county  of  Lancaster, 
cotton-spinner,  “  an  improvement  in  carriages  used  for  the  conA’eyance  of 
passengers  on  railways,  and  an  improved  scat  appliable  to  such  carriages 
and  to  other  purposes.” — 11th  November  1840. 

25.  To  Joshua  Whitworth  of  Manchester  in  the  county  of  Lancaster, 
engineer,  “  certain  improvements  in  machinery,  or  apparatus  for  cleaning 
and  repairing  roads  or  ways,  and  which  machinery  is  also  applicable  to  other 
purposes.” — 10th  November  1840. 

26.  To  Samuel  Wilks  of  Darleston,  iron-founder,  “  improvements  in  the 
manufacture  of  hinges.” — 17th  November  1840. 

27.  To  Thomas  Horne  of  Birmingham,  in  the  county  of  Warwick,  br.ass- 
founder,  “  improvement  in  the  manufacture  of  hinges.” — 18th  November 
1840. 

28.  To  James  Smith  of  Deanstoa  Works,  in  the  parish  of  Kilmadock,  in 
the  county  of  Perth,  cotton-spinner,  “  improvements  in  the  preparing,  spin¬ 
ning,  and  weaving  of  cotton,  silk,  wool,  and  other  fibrous  substances,  and  in 
measuring  and  folding  woven  fabrics.” — 19th  November  1840. 

29.  To  Benjamin  Winkles  of  North.ampton  Street,  in  the  parish  of  Saint 
Mary,  Islington,  in  the  county  of  Middlesex,  steel  and  copperplate  manu¬ 
facturer,  “  certain  imprtvemoats  in  the  arrangement  and  construction  of 
padJle  wheels  and  water  wheels,” — 19:h  November  1840. 

30.  To  Robert  Hawthorn  and  William  Hawthorn  of  Newc.istle- 
upon-Tyne,  civil  engineers,  “  certain  improvements  in  locomotive  and  other 
steam-engines  in  respect  of  the  boilers,  and  the  conveying  of  steam  there¬ 
from  to  the  cylinders.” — 20t'j  November  1840. 

31.  To  Peter  Bradshaw  of  Dean  near  Kimbolton,  in  the  county  of  Bed¬ 
ford,  gentleman,  “  improvements  in  dibbling  and  drilling  com,  seeds,  plants, 
roots  and  manure.” — 20th  November  1840. 

32.  To  John  Buchanan  of  the  city  of  Glasgow  in  Scotland,  coach-build- 
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cr,  "  certain  improvements  in  wheel-carriages,  whether  for  common  roads 
or  railways.” — 25th  November  1840. 

33.  To  James  Molyneux  Smith  of  Preston  in  the  county  of  Lancaster, 
linen-draper,  “  an  improved  mode  of  dressing  flax  and  tow.” — 26th  Novem- 
1840. 

34.  To  Samuel  Wagstaff  Smith  of  Leamington,  iron-founder,  “im¬ 
provements  in  apparatus  for  supplying  and  consuming  gas.” — 26th  Novem¬ 
ber  1840. 

35.  To  Frederick  Theodore  Philippi  of  Belfield  Hall,  near  Roch¬ 
dale  in  the  county  of  Lancaster,  calico-printer,  “  certain  improvements  in 
the  art  of  printing  cotton,  wool  and  other  woven  fabrics.” — 30th  November 
1840. 

36.  To  Alex-vxder  De  vn  and  Evan  Evans  of  Birmingham,  in  the  coun¬ 
ty  of  Wiirwick,  millwrights,  “  cei  ialn  improvements  in  mills  for  reducing 
gram  and  other  substances  to  a  pulverized  state,  and  in  the  apparatus  for 
dressirg  or  bolting  pulverized  substances.”— 3th  December  1840. 

37.  To  John  IIawlev  of  Frith  Street,  Soho  Square,  in  the  county  of 
Middlesex,  watchmaker,  being  a  communication  from  abroad,  “  improve¬ 
ments  in  pianos  and  harps.” — 9th  December  1840. 

38.  To  Francis  MoLiXEUxof  Wall  rook  Buildings  in  the  city  of  London, 
gentleman,  “  improvements  in  the  manufacture  of  candles,  and  in  the  means 
of  consuming  tallow  and  other  substances  for  the  purpose  of  light.” — 9th 
December  1840. 

39.  To  Joseph  Leese  junior  of  Manchester,  in  the  county  of  L.ancaster, 
calico-printer,  “  certain  improvements  in  the  art  of  printing  calicoes  and 
other  surfaces.” — 11th  December  1840. 

40.  Ik)  Phillipe  Marie  Moindron  of  New  Ormond  Street,  in  the  coun¬ 
ty  of  Middlesex,  merchant,  being  a  communication  from  abroad,  “  improve¬ 
ments  in  the  construction  of  furnaces  and  in  boilers.” — 17th  December 
1840. 

41.  To  John  Cartwright  of  Loughborough  in  the  county  of  Leicester, 
manufacturer  of  hosiery,  Henry  Warner  of  the  same  place,  manufacturer 
of  hosiery,  and  Joseph  Haywood  of  the  same  place,  frame-smith,  “  certain 
improvements  upon  machinery  commonly  called  stocking-frames,  or  frame¬ 
work  knitting  machinery.” — 22d  December  1840. 
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ERRATA  IN  PROFESSOR  BISCHOF’S  MEMOIRS. 

[We  insert  for  the  use  of  those  who  are  more  particularly  interested  in  the  memoirs  by 
Professor  Bischof  on  springs,  volcanos,  earthquakes,  dec.,' which  have  appeared  in  our 
Volumes  from  XX.  to  XXIX.  inclusive,  a  carefully  prepared  list  of  errata  of  the  whole 
series.  The  errors  have  chiefly  arisen  from  the  conversion  from  one  scale  to  another  of 
the  extremely  numerous  thermometrical  observations.] 

Vol.  XX.  page  372,  line  4  from  the  top,  for  are  grounds  read  are  no  grounds.— \o\.  XXIll  , 
p.  348, 1. 15,  for  34°.47,  read  29\2:3 ;  1.  21,  for  44°.57,  read  12^.67 ;  1.  22,  for  41°.27,  read  9°.27.— P.  349 
1. 1,  for  read  P.  3'>8,  1.  34,  for  oldest,  read  coldest.— P.  365,  1.  37,  for  1000,  read 

10,000.— P.  ‘166  in  the  analyses,  the  quantities  of  the  chlorides  of  sodium  and  potassium,  tO’ 
gether  are  0.00287  and  0.01488.— P.  387, 1. 15,  for  47.72,  read  41.72;  1.  23,  for  9.72=50.62,  read  — 4r.72 
=  26^.62.— P.  :«9, 1.  26,  for  72”.50,  read  8“.5.— P.  1.  20,  for  35^‘>6,  read  3°4»6.— P.  394, 1.  31,  for 

27°.50, read38®.75.— Vol.  XXIV.p.  149,1.7  from  bottom, forO' .047,  readO'^.106. — P.151, l.Sfroni 
top, for  0".0267.  read  8^0601 ;  1.  7,  for  247,  read  24°.7.— P.  161, 1.  13,  for  37^.37,  read  5°.38 ;  1. 14,  for 
36°.56,  read  4®.56,  and  for  41°.94,  read  9'’4)4;  l.l6,for  4®.39  making,  read 4°.38  making;  1. 17,  for 
8‘’.78,  read  8°.77.— P.  255. 1. 25,  for  1.V75,  read  15^;1-  P.  268. 1. 17,  for  6°.fp0,  read  6°.57 ;  1. 18,  for  4®.61, 
read  5°.62.— P,  26i>.  1.  1,  for  36^Jil,  rta<l  37''.5l.—  P.  277,  Xo.  6, 1  1  from  bottom,  for  48°.65,  read 
47*^65;  No.  8. 1.  7,  for  54 "'.05,  riad  52‘'.25;  No.  17, 1.  3,  for  46® .85.  read  44°.5.— P,  281, 1.11  from  bot¬ 
tom,  for  52°.25,  read  5l®.44.— P.282, 1.  2!)  from  bottom,  for  0^.337,  read  0®.56;  1.  28,  for  0®.;191,  read 
0®.506;  1.25,  for  0V225,  read  0®.67.— P.  283, 1. 29  from  top,  for  66 ".70,  rejid67®.70;  1.25,  for  52®J58 
read  53M7.— P.  2SH,  1.  28,  for  2®.25,  2®.e5-4®.  4  F.,  read  2  ^*5;  1.  2ihfor  122—6.7,  read  ll-V— P.  290 
1. 4,  for  60®.23,  read  60  44.— P.  1. 24.  for  56®97,  read  54®.7.— P.  2:»7,  No.  18,  June  (Table),  for 
43".57,  read  43®.79;  No.  28,  February,  for  48®.88.  read  47’JW.-P.  208,  No.  34,  March,  for  4*1® X)3. 
read  47®.0:1,  and  difference  for  7°. 15,  read  7®.3H;  No.  3(J,  June,  for  57®.45,  read  54®,4r5;  No.  42, 
March,  for  48" i>5,  read  46",4;  No.  51,  May,  for  48".C5.  read  46®.4;  No.  54  November,  for  59°,64, 
read  and  mean,  for  ^®,95,  read  48\!)9;  No.  55,  July,  for  49°.0i.  read  48®.92.— P.  299,  (erro¬ 
neously  paged  22^>),  No.  54»,  for  43  .02,  read  42'  .42,  and  April,  for  47®.97,  read  47®.37 ;  No.  63,  Fe¬ 
bruary,  for  34®.77,  read  :14°.47 ;  No.  6*1,  January,  for  26“.7,  read  28".56,  and  December,  for  47^" .64, 
read  37’.64 ;  No.  67,  January,  for  :19®.3?.  read  40® .32  ;  No.  6!».  September,  for  55®.51,  read  56'  Al, 
No.  70,  March,  for  37°.58,  read  38®.7.— Vol.  XXVI.  p.  360, 1. 16.  for  part,  read  heat. 
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Memoir  of  the  Life  and  IVritings  of  the  late  Professor  Blu- 

menhach  of  Gottingen.  By  Professor  K.  F.  H.  Marx.* 

However  lively  and  indelible  may  be  our  recollection  of 
the  individual  who  has  been  so  lately  taken  from  amongst  us, 
it  will,  I  hope,  be  allowed  me  to  sketeh  an  outline  of  his  life 
and  writings,  and  thus,  as  it  were,  to  cast  a  flower  on  the 
grave  of  one  who  was  honoured  by  us  all,  but  who  was  pecu¬ 
liarly  beloved  by  me. 

It  was  granted  to  him  to  perform  his  public  duties  for  a 
longer  period  than  the  usual  span  of  human  life,  and  to  con¬ 
duct  the  affairs  of  our  society  longer  than  any  now  present  can 
carry  back  their  reeollections.  With  his  memory  and  with  his 
name  are  linked  the  most  weighty  events  of  this  university  for 
more  than  the  last  half  century,  nay,  the  progress  of  develop¬ 
ment  of  one  of  the  most  extensive  and  important  branches  of 
science  is  most  closely  interwoven  with  what  he  has  under¬ 
taken,  contributed,  and  promoted. 

Of  the  whole  series  of  those  who  laboured  and  investigated 
in  the  same  path  with  himself,  he  stood  at  last  like  a  solitary 
pillar,  like  a  pyramid  of  antiquity,  to  serve  as  an  exciting 
example  to  us,  affording  an  instance  of  the  course  sometimes 
followed  by  Nature  in  impressing  on  mental  pow'er  the  seal  of 
perfection,  by  means  of  the  strength  and  duration  of  its  ex- 
twnal  form. 

John  Frederick  Blumenbach  was  bom  at  Gotha  on  the  11th 


*  Read  to  the  Royal  Society  of  Sciences  of  Gottingen,  8th  February  1840. 
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May  1752.  His  father,  himself  a  zealous  friend  of  geography 
and  natural  history,  at  an  early  period  awakened  a  love  for 
these  subjects  in  his  son.  A  manuscript  note  by  Blumenhach 
will  best  convey  an  idea  of  some  of  the  influences  which  ope¬ 
rated  on  him  under  the  paternal  roof,  and  at  his  first  entrance 
into  the  world.  He  says, — “  My  father  was  born  in  Leipsic, 
and  died  in  1787,  protector  and  professor  in  the  Gymnasium 
of  Gotha ;  and  to  the  acquirement  of  his  philosophical  attain¬ 
ments  two  individuals  chiefly  contributed,  and  thus  directly 
influenced  my  education;  these  were  the  two  professors  of 
philosopliy  in  Leipsic, — Menz  and  Christ.  To  the  first  he 
■was  indebted  for  his  love  of  literary  history  and  natural  history, 
and  to  the  latter  for  his  taste  for  the  fine  arts  and  antiquity. 

I  also  found  pleasure  and  enjoyment  in  these  subjects  ;  which 
are  partly  requisite,  and  partly  at  least  not  adverse,  to  the 
study  of  medicine,  the  pursuit  selected  by  me  from  choice. 

“  In  Jena,  where  I  commenced  my  academic  career,  1 
found  nourishment  for  literature  and  book-lore  in  the  society 
of  Baldinger,  and  for  natural  history  and  archasology  in  that 
of  my  relation  J.  E.  Imm.  Walch,  professor  of  eloquence. 
When  I  proceeded  to  Gottingen  to  fill  up  some  blanks  in  my 
medical  studies,  my  former  rector  in  Gotha,  Ecclesiastical 
Councillor  Geisler,  gave  me  a  letter  to  Heyne.  When  I  de¬ 
livered  it,  I  at  the  same  time  shew'ed  him  an  antique  seal- 
stone  which,  when  at  school,  I  had  purchased  from  a  gold¬ 
smith.  Such  a  taste  in  a  medical  student  seemed  singular 
to  him,  and  this  little  stone  was  the  first  cause  of  the  subse¬ 
quent  varied  and  very  intimate  intercourse  with  that  ad¬ 
mirable  man. 

“  There  lived  at  Gottingen  at  that  time  a  singular  indivi¬ 
dual  of  extraordinarily  varied  acquirements,  Professor  Chr.  W. 
Buttner,  well  known  for  his  talents  as  a  linguist,  but  who  for 
many  years  had  given  no  lectures,  and  w'as  quite  unknown  to 
the  students.  Just  at  the  period  of  my  arrival,  his  friend 
and  great  admirer  Michaelis,  the  orientalist,  whose  eldest  son 
was  then  commencing  the  study  of  medicine,  had  persuaded 
him  to  give,  if  possible,  a  course  of  lectures  on  natural  history, 
the  subject  on  which  he  had  formerly  lectured,[and  of  which  he 
possessed  a  well-known  collection.  I  was  asked  to  attend, 
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and,  as  I  happened  to  have  the  hour  unoccupied,  I  inscrihed 
my  name  for  the  class,  and  thus  had  the  opportunity  of  be¬ 
coming  acquainted  Avith  the  singular  but  remarkable  Biittner. 
His  course  was  a  mere  conversatorium,  in  which,  for  weeks 
together,  natural  history  was  not  mentioned.  He  had,  how¬ 
ever,  selected  the  12th  edition  of  the  Syst.  Nat.  as  text¬ 
book,  but  the  session  was  taken  up  with  the  discussion  of 
such  innumerable  foreign  subjects  which  he  introduced,  that 
we  did  not  nearly  get  through  the  Mammalia.  As  he  com¬ 
menced  with  Man,  a  subject  left  untouched  by  Walch  of  Jena, 
and  as  he  adduced  illustrations  from  many  voyages  and  travels, 
and  representations  of  foreign  nations,  contained  in  his  large 
library,  I  was  incited  to  write  my  inaugural  dissertation  De 
Generis  Humani  Varietate  Nativa  ;  and  the  subsequent  prose¬ 
cution  of  this  interesting  topic  gave  rise  to  my  anthropological 
collection,  which  in  time  became  universally  celebrated  as 
unicjue  of  its  kind. 

“  During  this  first  winter  the  purchase  of  Biittner’s  collec¬ 
tion  of  natural  history  and  coins  for  the  university  was  nego- 
ciated  by  Heyne.  As  the  objects  of  natural  history  were  in  a 
state  of  groat  disorder,  an  assistant  became  necessary  to  transfer 
and  arrange  them.  Heyne  therefore  asked  him,  ‘  As  you  lec¬ 
ture  on  natural  history,  are  you  not  acquainted  with  some  one 
of  your  young  people  who  would  answer  the  purpose  V  ‘  Yes,’ 
replied  Biittner,  and  named  me.  ‘  I  also  know  him,’  was  the 
answer  of  Heyne  ;  and  so  I  gladly  undertook  gratuitously  the 
duties  of  assistant  in  the  arrangement  of  a  collection  which  I 
found  to  be  a  rich  one. 

“  Some  time  afterwards,  when  the  whole  had  been  trans¬ 
ferred  and  placed  for  a  time  in  what  was  formerly  the  medi¬ 
cal  class-room,  the  excellent  minister  and  curator  of  the  Uni¬ 
versity,  Von  Lenthe,  came  here,  examined  our  institution, 
and,  as  this  collection  was  also  to  be  inspected,  and  as  the 
worthy  Biittner  did  not  seem  inclined  to  shew  it,  I  was  hastily 
summoned,  and  succeeded  so  well,  that,  when  going  out,  the 
minister  took  Heyne  aside  and  said,  ‘  We  must  retain  that 
young  man  here.’  After  I  passed  my  examinations  in  the 
autumn  of  1775,  I  next  winter  gave  my  first  lectures  on  na¬ 
tural  history  as  private  lecturer  in  the  University,  was  in  the 
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same  session  (February  1776)  named  extraordinary,  and  in 
November  1778,  ordinary  professor.” 

The  progress  of  Blumenbach  in  his  scientific  and  civil 
career,  after  this  auspicious  commencement,  is' so  fully  in  the 
recollection  of  all,  that  I  need  not  enter  into  the  details  of 
his  being  admitted  a  member  of  this  Society  in  1784,  his  being 
appointed  Councillor  of  State  in  1788,  Perpetual  Secretary  of 
the  Physical  and  Mathematical  Class  of  this  Society  in  1812, 
Member  of  the  Library  Commission  in  1815,  Knight  of  the 
Guelphic  Order  in  1816,  Superior  Medical  Councillor  in  the 
same  year,  and  a  Commander  of  the  Guelphic  Order  in  1821. 
It  appears  to  me  much  more  suitable  to  sketch  here  the  differ¬ 
ent  directions  in  science  which  he  followed  or  communicated, 
his  career  as  a  teacher,  his  external  relations,  and,  likewise, 
the  chief  features  of  his  personal  appearance  and  character. 

It  may  first  of  all  be  said  with  justice  of  Blumenbach,  that  , 
it  was  he  especially  who  in  Germany  first  extended  the  in¬ 
fluence  of  natural  history  from  the  confined  sphere  of  books 
and  museums  to  the  extensive  and  varied  circle  of  life  ;  that 
he  rendered  the  results  of  serious  and  solitary  investigation 
comprehensible  and  enjoyable  to  every  educated  person  de¬ 
sirous  of  information,  and  that  he  more  partieularly  understood 
the  method  of  interesting  the  higher  orders  of  society  in  his 
subject.  By  means  of  the  comprehensive  view  he  took  of  the 
whole  range  of  scientific  investigation,  he  well  knew  how  to 
select  what  could  aw’aken  and  excite  the  spirit  of  observation, 
and  he  was  enabled  to  bring  obscure  subjects  under  a  clear 
point  of  view,  as  well  as  to  render  what  was  useful  practically 
available.  This  disposition  and  tact  for  generalization,  this 
desire  for  popularising  and  making  clear,  did  not  at  all  inter¬ 
fere  with  the  solidity  of  his  information.  He  investigated 
with  the  most  indefatigable  zeal  the  most  diversified  portions 
of  his  science,  and  arrived  at  conclusions  which  threw  light  on 
the  darkest  portions  of  his  subject. 

Thoroughly  provided  with  classical  knowledge,  sharpening 
and  enriching  his  mental  faculties  by  continued  reading, 
and  kept  awake  by  intercourse  with  the  noblest  of  his  time, 
he  was  able  not  only  continually  to  obtain  new  views  of 
his  favourite  subjects,  but  also  to  communicate  to  these  sub- 
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jects  a  proper  form  of  expression  and  representation.  As, 
moreover,  he  regarded  each  result  of  his  own  investigations 
and  those  of  others  as  a  seed  which  might  produce  better  and 
more  enlarged  conclusions,  he  exerted  himself  strenuously,  by 
writing,  conversation,  and  lecturing,  to  disseminate  every  one 
immediately,  and  to  provide  for  it  a  productive  soil.  It  thus 
followed  that  he  was  regarded  as  the  pillar  and  representa¬ 
tive  of  natural  history,  that  he  collected  around  him  innume¬ 
rable  young  people,  and,  by  words  as  well  as  works,  exercised 
the  most  decided  influence  on  the  whole  study  of  that  subject 
for  a  long  series  of  years. 

Blumenbach  was  already  known  to  the  Society  of  Sciences 
as  a  diligent  student,  for,  at  the  meeting  of  the  15th  January 
1774,  he  communicated  the,  at  that  time,  remarkable  fact  of 
his  having  (like  Braun  of  Petersburg  so  early  as  1759)  suc¬ 
ceeded  in  freezing  mercury.* * * § 

In  the  year  1784  he  became  a  member  of  our  Society,  and 
he  soon  read  his  paper  on  the  eyes  of  the  Albino  and  the  move¬ 
ment  of  the  iris.t  It  was  a  fortunate  circumstance  that  his 
first  literary  labour  related  to  the  races  of  man,  and  that  thus 
physical  anthropology  became,  to  speak  mineralogically,  the 
primitive  form  of  his  future  labours.  Hardly  any  other  dis¬ 
sertation  has  gone  through  so  many  editions,  and  obtained  for 
its  author  such  general  approbation  as  that  entitled.  Be  Ge- 
neris  Huniani  Varietate  Nativa.%  It  was  the  origin  of  his 
subsequent  gradual  publication  of  the  Becaden  §  on  the  forms 
of  the  skull  of  different  races  and  nations,  and  was  the  foun¬ 
dation  of  his  own  collection.  H  To  this  unique  accumulation  of 

•  Giitting.  gel.  Anzeigen,  1774.  Part  13,  p.  105-7.  Blumenbach  himself 
placed  no  value  on  this  experiment ;  he  even  supposed  that  his  friends  as¬ 
sumed  too  rashly  the  fact  as  ascertained. 

t  Do  Oculis  Leuemthiopum  et  iridis  motu.  In  Comment.  Sec.  B.  Gott. 
vol.  vii.  p.  29-62. 

{  Published  first  of  all  in  1775. 

§  jThe  first  Dccas  collectionis  sum  craniontm  diveriarmn  ffoitiiim  illiistrata  ap¬ 
peared  in  1 790  in  the  tenth  volume  of  the  Commentat.  Soc.  Sc.  The  last,  under 
the  title,  Nova  Pentas  coUectionii  tiiw  craniorirm  diversarum  gentium  tawjuam 
comi'lementum  prioruni  decadum  exhilita  in  comestii  soeietatis,  8th  July  1826,  and 
appeared  in  the  sixth  volume  of  the  Commentat.  rccentior.  p.  141-48.  Also 
Gbtt.  gel.  Anz.  1026.  No.  121,  p.  1201-6. 

II  Compare  his  treatise  on  Antluropoiogical  Collections  in  the  second  edi- 
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its  kind,  as  to  every  thing  that  characterizes  the  external  form 
and  the  structure  of  the  head  in  man,  both  princes  and  learned 
men  contributed.  Blumenbach  termed  it  his  “  Golgotha,” 
and  it  was  a  rare  circumstance  to  see  the  curious  and  inquir¬ 
ing  of  both  sexes  wondering  and  interested  in  a  collection  of 
skulls. 

It  perhaps  deserves  to  be  recorded,  that  the  subject  of  this 
first  work  of  his  youth  w’as  also  that  of  his  last  scientific  con¬ 
tribution,  for,  after  the  3d  August  1833,  when,  upon  the  exhi¬ 
bition  of  a  Hippocratic  macrocephalus,  he  communicated  his 
observations  upon  it,*  he  did  not  again  speak  in  public,  ex¬ 
cept  on  the  occasion  of  the  eloge  of  Stromeyer,  and  the  few 
never-to-be-forgotten  words  at  the  anniversary  of  the  hun¬ 
dredth  year  of  the  Society. 

As  Blumenbach  anxiously  endeavoured  to  indicate  the  dis¬ 
tinction  between  the  animal  and  human  structure,  and  with 
this  view  adduced,  as  characteristic,  the  upright  posture  of 
man  and  the  vertical  line,  so  he  was  equally  zealous  in  vindi¬ 
cating  to  human  nature,  as  such,  all  the  powers  and  rights  of 
humanity,  which,  without  rating  too  highly  the  influence  of 
climate,  soil,  and  hereditary  descent,  he  regarded  as  the  direct 
consequences  of  civilization  and  refinement.  Man  he  con¬ 
sidered  as  “  the  most  perfect  domestic  animal.”  In  Blumen- 
bach’s  inimitable  representation  of  the  wild  Feter  von  lla- 
meln^X  he  shews  what  man  would  be  without  the  assistance  of 
society,  and  how  the  matter  stands  as  to  innate  ideas.  How 
even  the  bony  structure  of  the  skull  gradually  approaches  the 
animal  form  when  unfavourable  external  localities  and  civil 
relations  check  the  development  of  the  higher  powers,  he  exhi¬ 
bited  in  the  Cretin  skulls  of  his  collection,  which  were  purpose¬ 
ly  placed  near  the  skull  of  the  orang-outang,  and  where,  at 
no  great  distance,  tlie  attention  of  the  spectator  was  attracted 
by  the  extremely  beautiful  form  of  a  female  Georgian. 

At  a  period  when  negroes  and  savages  were  regarded  as 
half  animals,  and  when  the  idea  of  the  emancipation  of  slaves 

tion  of  his  Bcitrdge  zitr  Naturgcschichte,  (Contributions  to  Natural  History, 
1806.  Part  i.  p.  55-66.) 

*  Gott.  gel  Anz.  1833.  No.  177,  p-  1761. 

t  Contributions  to  Natural  History,  part  ii.  p.  1-44. 
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liad  not  begun  to  excite  interest,  Blumenbach  raised  his 
voice  in  order  to  shew  that  their  psychical  qualities  were 
not  inferior  to  those  of  Europeans,  that  between  their  races 
the  greatest  differences  prevail,  and  that  it  is  only  opportu¬ 
nity  for  development  which  is  wanting  for  the  display  of  their 
higher  powers.* * * §  As  Blumenbach  relished  a  joke  when  no 
one  was  injimed  by  it,  he  wrote  an  essay  entitled,  “  On  the 
races  of  Men  and  Swine.”t  Man  continued  to  be  his  chief 
subject,  but  not  in  a  transcendental  point  of  view  (for  that  he 
left  to  moral  philosophers  and  theologians),  but  as  he  is  in  the 
external  world ;  and  while  he  contributed  essentially  to  our 
better  acquaintance  with,  and  appreciation  of,  this  subject,  he 
was  not  easily  excelled  by  any  one  in  practical  acquaintance 
with  human  nature. 

Natural  history,  in  its  proper  sense,  and  not  the  description 
of  nature,  was  the  task  he  had  undertaken.  With  Bacon, 
Lord  Verulam,  he  regarded  it  as  the  prima  materia  philo- 
sophice.  He  understood  well  how  to  represent,  by  means  of 
a  few  characteristic  traits,  what  was  peculiar  in  objects,  and 
at  the  same  time  how  to  bring  out  their  individual  inter¬ 
nal  J  properties  and  relations,  so  as  to  apprehend,  as  a  whole, 
their  economy  and  their  position.  Therefore  it  was  that  he 
occupied  himself  more  especially  with  animal  organic  nature. 
That  he  was,  however,  no  stranger  to  the  study  of  geology 
and  mineralogy,  is  clearly  shewn  by  De  Luc’s  letters  §  to  Blu¬ 
menbach,  by  what  he  wrote  on  Hutton’s  Theory  of  the  Earth, 
and  by  his  paper  on  the  Impressions  on  Bituminous  Marl-slate 
found  at  Iliegelsdorf.|| 

*  In  the  Gottingen  Magazine,  1781.  No.  ri.  p.  409-425.  "  Veher  die  Fdhig- 
keilen  vnd  Sitten  der  Wilden,"  (On  the  Capabilities  and  Manners  of  Sa¬ 
vages.) 

t  In  Lichtenberg  and  Voigt’s  Mag.  fUr  das  Nencsto  aus  der  Physik^ 
vol.  vi.  Gotha,  1789.  No.  L  p.  1. 

J  He  laboured  long  on  a  history  of  natural  history,  but  published  nothing 
upon  it.  That  he  thought  of  the  possibility  of  a  philosophy  of  natural  his¬ 
tory  is  evident,  among  other  proofs,  from  a  letter  to  Moll  in  the  MittheHungen 
,of  the  latter.  Part  i.  1829,  p.  60. 

§  In  the  Magazin  fur  da$  Neneite  aus  der  Physik.  Vol.  8,  No.  4,  1793. 
Compare  also  Gott.  gel.  Anz.  1799.  Part  135,  p.  1348. 

II  In  Kohler’s  Mining  Journal.  Freyberg,  1791,  fourth  year.  VoL  i. 
p.  151-6.  Blumenbach  shewed  that  these  impressions  were  of  a  mammal 
but  not  of  a  child,  and  therefore  were  not  anthropolites. 
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Among  the  individuals  who,  by  the  investigation  and  expo¬ 
sition  of  the  traces  of  ancient  remains,  have  efficiently  contri¬ 
buted  to  the  history  of  the  formation  of  our  globe  and  its 
earliest  inhabitants,  Blumenbach’s  name  must  be  included. 
He  was  the  first  who  formed  a  collection  of  fossils  to  illustrate 
and  to  systematize  the  remains  of  the  pre-Adamitic  period.* 

In  the  year  1790  he  wrote  his  “  Beitrage  zur  Naturge- 
schichte  der  Vornelt"  (Contributions  to  the  Natural  History  of 
the  Ancient  World). +  He  devoted  two  discourses,  delivered 
to  the  Society,  to  the  consideration  of  the  organic  remains 
which  had  become  known  to  him  from  the  districts  around  the 
city.J  He  also  pointed  out  the  connection  of  palaeontology 
and  geology,  illustrating  the  more  exact  determination  of 
the  relative  age  of  different  deposits  in  the  crust  of  the  earth 
by  means  of  organic  remains,  §  and  it  was  he  who  gave  the 
first  impulse  to  this  subject.  After  a  journey  to  Switzerland,  , 
he  directed  attention  to  those  fossils  of  which  the  living  ana¬ 
logues  still  exist  in  the  same  district,  to  such  as  have  their  ori- 

*  The  fossil  genus  Oxyporus,  •which  occurs  in  amber,  and  which  Graven- 
horst  mentions  in  his  Monographia  Coleoptcrorum  Microptcrorum,  Giitting. 
180G,  p.  235,  is  in  the  collection  of  Blumcnbach.  In  regard  to  Blunicn- 
bach,  the  author  says,  “  Vtinam  Blwncnhachius  multorum  gtiw  possidet  electro 
inclutorum  insectorum  deseriptionem  et  comparationemeum  insectis  hodiernisafini- 
btu  ederct.  Ingenium  viri  celeberrimi  et  de  historia  tuxticrali  jam  diti  egregic  me- 
riti,  perpentam  sane  hypothesin  de  ortw  et  formationc  clcctri  nobis  itulc  impertire 
posset." 

t  In  the  Magazin  fur  das  Nencste,  &c. 

J  Specimen  Archseologias  Telluris  terrarumquc  inprimis  Hannoveranarum, 
1801.  In  the  Commentat.  vol.  xv.  p.  132-15C.  Spec,  altcrum,  1813.  In 
vol.  iii.  recent,  p.  3-24. 

§  “  On  the  Succession  of  the  Different  Catastrophes  of  the  Globe,”  in  the 
second  edition  of  his  Contributions  to  Natural  History,  1806.  Part  i. 
p.  113-123.  Oneof  the  most  competent  judges  in  tliis  department.  Link,  in  his 
work  “  Die  Urwelt  nnd  das  Altcrthum  erldutert  durch  die  Naturktinde,"  which 
he  dedicated  to  his  master,  says  in  the  preface,  that  we  have  to  thank  Blu- 
menbach  and  Cuvier  for  the  elucidation  of  the  entire  difference  between  the 
ancient  and  the  present  world.  Von  Hoff,  likewise,  who  is  so  well  qualified 
to  give  an  opinion,  says  in  his  Eriiinenmg  an  Blumenbach’s  Verdienstc  urn  die 
Geologic,  Gotha,  1826,  p.  3,  “  Among  nattiralists,  Blumcnbach  was  the  first 
who  assigned  to  palxontology  its  true  place  among  the  foundations  of  geo¬ 
logy  ;  he  regarded  it  as  the  most  useful  auxiliary  of  that  science ;  and  he 
declared,  as  his  belief,  that  important  conclusions  in  cosmogony  were  to  be 
anticipated  from  the  study  of  organic  remains,  and  more  particularly  of  their 
various  relative  positions.” 
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ginala  in  widely  remote  parts  of  the  earth,  and  to  those  of 
which  no  living  example  occurs  in  the  present  creation.* * * §  Far¬ 
ther,  he  expressed  his  opinion  on  the  supposed  remains  of  fossil 
human  bones  in  Guadaloupe.t  His  thoughts  dwelt  upon  such 
subjects  as  well  as  upon  more  general  considerations,  as,  for 
example,  on  “  gradation  in  nature,”  J  and  “  on  final  causes,”  § 
but  he  always  preferred  topics  upon  which  observation  could 
be  brought  to  bear,  and  which  were  susceptible  of  direct  proof. 
He  was  not  addicted  to  brilliant  hypotheses,  subtle  combina¬ 
tions,  or  fanciful  suppositions. 

If  it  can  be  said  of  any  scientific  work  of  modern  times  that 
its  utility  has  been  incalculable,  such  may  well  be  assert¬ 
ed  of  Blumenbach’s  “  Handbuch  der  Naturgeschichte’’  || 
(Manual  of  Natural  History).  There  are  few  civilized  coun¬ 
tries  or  districts  where  it  is  unknown.  This  work,  which  in¬ 
dicated,  with  each  new  edition,**  the  progress  of  its  author, 
contains  in  small  space  an  astonishing  mass  of  well-arranged 
materials.  But  while  it  W'as  his  endeavour  to  make  it  as  per¬ 
fect  as  possible,  we  must  acknowledge  the  art  displayed  in 
giving  only  what  was,essential,  in  communicating,  in  one  word 
or  observation,  that  which  was  really  interesting,  agreeable,  or 
useful,  and  thus  exciting  to  further  study.  Blumenbach  knew 
how  to  render  this  study  serviceable,  not  only  by  rendering 
the  \vhole  subject  accessible  in  a  simple,  tangible,  and  clear 
manner,  but  also  by  calling  in  the  aid  of  allied  topics,  and  thus 
acquiring  new  points  of  view  and  a  wider  range. 

His  “  Contributions  to  Natimal  History ,”tt  and  his  ten  parts 
of  “  Representations  of  Natural  Historical  Objects,”  have 
rendered  profitable  service  to  the  establishment  and  extension 
of  science  by  their  interesting  expositions,  by  their  judicious 

*  In  Liclitcnbcrg  and  Voigt’s  Mag.  fur  da$  Neucstc,  &c.  1/88.  Vol.  v. 
p.  13-24. 

t  Ino  GoVi.  ./In*.  1815.  No.  177, p.  1753. 

X  In  the  second  edition  of  his  Contributions,  180G.  Parti,  p.  106-112. 

§  Ibid.  p.  123. 

-H  It  first  appeared  in  1779. 

The  editions  which  issued  from  the  publisher  alone  were  twelve,  the 
last  in  the  year  1830,  without  including  the  reprints  and  the  translations 
into  almost  all  the  langu.agcs  of  civilized  nations. 

tt  The  first  part  .appeared  in  1790,  the  second  in  1811. 

U  1796-1010. 
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selection,  and  by  their  accuracy.  He  was  peculiarly  zealous 
in  drawing  from  ancient  monuments* * * §  and  poets t  explana¬ 
tions  of  doubtful  questions,  and  the  elucidation  of  different 
problems  in  natural  history.  The  migration  of  animals,  and 
their  partial  occurrence  in  prodigious  quantity,  and  over  a 
great  extent,  appeared  to  him  a  subject  by  no  means  cleared 
up.  He  did  not  hesitate  to  publish  his  contribution  to  the 
future  solution  of  this  important  question+ 

Blumenbach  has  been  occasionally  somewhat  blamed  for 
following,  with  but  slight  exceptions,  the  artificial  Linnfean 
ai’rangement ;  but  this  adherence  arose  neither  from  motives 
of  convenience  nor  from  want  of  knowledge,  but  from  the 
conviction  that  the  period  for  a  natural  system  had  not  arrived. 
It  is  evident  that  he  felt  the  want  of  such  a  system,  from  his 
having,  in  1775,  sketched  the  attempt  to  form  a  natural  ar¬ 
rangement  of  the  mammalia,§  which  was  not  confined  to 
individual  or  a  few  characters,  but  included  the  whole  habitus 
of  the  animals. 

His  papers  on  the  sexual  inclinations  of  animals,  and  on  the 
natural  history  of  serpents,  |1  display  not  only  talent  but  criti¬ 
cal  observation.  There  is  much  interesting  matter  in  his  ac¬ 
count  of  a  kaftgaroolf  which  he  kept  alive  in  his  house  for 
some  time,  and  in  his  observations  on  the  pipa**  and  on  tape¬ 
worms,  tt 

Blumenbach  was  deeply  impressed  with  the  truth,  that  we 
are  only  properly  qualified  to  judge  rightly  of  the  phenomena 
of  the  present,  when  we  have  rendered  as  clear  as  possible  their 
course  from  the  earliest  period.  He  regarded  archaeology 

*  Specimen  historiac  naturalis,  antiquoe  artis  operibus  illustxaUe  caquo  vi- 
cissim  illustrantis,  1803.  In  Comment,  vol.  xvi.  p.  169-198. 

t  Sp.  List.  nat.  ex  auctoribus  classicis  pnesertim  poctis  illustrato;  cosque 
vieissim  illustrantis,  1815.  In  Comment,  recent,  vol.  iii.  p.  62-78.  Com¬ 
pare  GStt.  gelclirto  Anzeigen,  1815.  No.  205,  p.  2033-2040. 

t  Dc  animantium  coloniis  sive  spontc  migratis,  sive  casu  aut  studio  ab 
hominibus  aliorum  translatis.  In  Comment,  recent,  vol.  v.  p.  101-106. 
Gott.  gel.  An.  1820.  No.  57,  p.  561-568. 

§  Gott.  gel.  Anz.  1775.  No.  147,  p.  1257-1259. 

II  Magaz.  fur  das  Neueste  aus  der  Pbysik,  vol.  v.  No.  1,  1788,  p.  1-13. 

^  Ibid.  1792.  Vol.  vii.  No.  4,  p.  19-24. 

**  Gott.  gel.  Anzeigen,  1784.  No.  156,  p.  1553-1555. 

tt  Ibid.  1774.  No.  154,  p.  1313-1316. 
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and  history  not  only  as  the  foundation  of  true  knowledge,  but 
also  as  the  soiu’ces  of  the  purest  pleasure.  Several  years  after 
lie  wrote  on  the  teeth  of  the  ancient  Egyptians  and  of  mum¬ 
mies,* * * §  an  opportunity  was  afforded  him  during  his  stay  in 
London,  on  the  18th  February  1791,  of  opening  six  mum- 
mies,+  and  a  communication  addressed  to  Banks  on  the  re¬ 
sults  obtained  added  to  his  celebrity.  Blumenbach  took 
part  in  the  opinion^  given  by  this  Society  of  Sciences  on 
Sickler’s  new  method  of  decyphering  the  Herculanean  manu¬ 
scripts. 

He  expressed  his  belief  that  the  syenite  of  P1iny§  is  our 
granite.  He  possessed  a  collection  of  antique  stones  for 
the  elucidation  of  the  history  of  ancient  art,  and  on  this 
account  he  was  often  consulted  on  the  decision  of  different 
questions,  as,  for  example,  the  alleged  steatite  antiques.  H  He 
had  collected  beautiful  engravings  and  paintings  illustrative 
of  natural  history  and  the  varieties  of  the  human  race,  and  he 
placed  particular  value  on  the  representations  of  animals  in  the 
older  works  and  woodcuts ;  because  the  exact  point  which  the 
art  of  observation  had  attained  could,  by  means  of  these,  be  well 
investigated.  He  also  was  anxious  to  become  acquainted  with 
the  first  anatomical  woodcuts,  and  published  the  results  of  his 
inquiries,**  as  previously  they  had  remained  almost  entirely 
neglected.  After  a  careful  comparison  of  the  older  works  of 
this  kind  which  had  become  known  to  him,  his  decisiontt 


*  Gutting.  Magaz.  1780.  Year  1,  p.  109-139. 

t  Pliilosophical  Transactions,  1 794.  In  the  third  edition  of  his  Diss.  de 
Generish.  Varict.  Nat.  1795,  he  gives  his  Epistola  ad  vir  perill.  Jos.  Banks. 
This  subject  is  fully  considered  in  his  Contributions  to  Natural  History, 
p.art  ii.  p.  45-144. 

J  Gbtt.  gel.  Anz.  1814.  No.  200,  p.  1993. 

§  Ibid.  1819,  p.  1208.  Blumenbach  treated  of  the  more  accurate  deter¬ 
mination  of  the  stones  employed  by  the  ancients,  in  the  second  part  of  the 
edition  of  Ids  Natural  History  published  in  1780. 

II  Gutt.  gel.  Anz.  1811.  P.  2050. 

^  Giitt.  Magaz.  1781.  No.  4,  p.  136-156. 

**  Baldinger’s  N.  Magazin  fiir  Aerzte,  1780.  Vol.  ii.  p.  33. 

tt  De  veterum  artificum  anatomicse  peritiae  laude  limitanda,  cclebranda 
vero  eorum  in  charactere  gentilitio  exprimendo  accuratione.  The  treatise  it¬ 
self  was  not  printed ;  but  for  an  account  of  its  contents  see  Gutt.  gel.  Anz. 
1823.  No.  125,  p.  1241. 
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was,  that  the  praise  bestowed  on  the  anatomical  knowledge  of 
the  old  artists  should  be  limited,  but  that  their  accuracy  in 
delineating  characteristic  representations  could  not  be  too 
much  acknowledged. 

In  literary  history  Blumenbach  emulated  his  pattern  and 
example,  Albrecht  Von  Haller,  with  whom  he  had  become 
acquainted  while  a  student  at  Gottingen,  by  having,  at  the 
recjuest  of  Heync,  sent  him  to  Bern  a  work*  which  he  had  ob¬ 
tained  at  an  auction,  and  which  Haller  had  mentioned  in  one 
of  his  writings  that  he  had  not  seen.-f*  Afterwards  he  com¬ 
municated  to  him  on  several  occasions  supplements  and  ad¬ 
ditions  to  the  volumes  of  the  Practical  Medical  Library.J  Of 
all  the  bibliographical  works  of  that  distinguished  man,  Blu¬ 
menbach  prized  most  highly  the  Bibliotheca  Anatomica.§  He 
wrote  a  preface  ||  to  Haller’s  Tagebuch  of  medical  literature, 
in  which  he  praises  the  author’s  critical  powers.  \ 

Although  the  literary  portion  of  medicine  is  so  frequently 
neglected,  yet  I  doubt  not  that  most  medical  men  are  ac¬ 
quainted  with  Blumenbach’s  introduction  to  the  Literary  His¬ 
tory  of  Medicinc.H  In  that  work  the  whole  range  of  me¬ 
dicine  is  delineated  to  the  end  of  the  previous  century  in  suit¬ 
able  general  views,  and  the  task  is  performed  with  singular 
judgment,  precision,  and  brevity.  At  the  jubilee  on  occasion 
of  the  fiftieth  anniversary  of  our  university,  he  brought  to¬ 
gether  the  merits  of  the  Gottingen  medical  professors**  in  a 
synopsis  which  doubtless  served  not  less  as  an  acknowledg- 

'*  Observ.''.tionuin  Anatoniicarum  Collcgii  priviiti  Amstclodamensis.  Pars 
altcr.-i.  Amstcl.  17C3. 

+  Haller’s  answer  is  dated  28th  M.^rch  1775. 

♦  Baldinger’s  N.  Magazin.  fiir  Acrtzte,  1780.  Vol.  ii.  p.  33. 

§  Probably  no  one  ever  read  the  works  of  the  eminent  Giiltingen  professor 
so  carefully  as  Bluincnbach.  Ho  found  much  in  the  eollcction  of  letters 
from  and  to  Haller ;  and,  besides  many  important  notices  for  the  liistory  of 
medicine,  ho  obtained  that  on  piercing  the  drum  of  the  ear  for  deafness. 
(Gott.  gel.  Anz.  lOOC.  No.  147,  p.  1459.) 

II  Baldingcr’s  N.  Mag.  1730.  Vol.  ii.  p.  33-39. 

^  Introductio  in  Historiam  Mcdicinoe  Literariam,  1780. 

**  Synopsis  systematiea  scriptorum,  quibus  indc  ab  inaugurationo  Aca¬ 
demia;  Geoi^ine  Augusta;  usque  ad  solemnia  istius  inaugurationis  semisii'cu- 
laria  disciplinam  suam  augere  et  ornarc  studuerunt  professores  Medici  Goet- 
tingcnscE,  1788. 


tFritings  of  the  late  Professor  Slumenbach.  233 

mcnt  to  these  men  than  os  an  incitement  to  subsequent 
teachers  to  emulation. 

He  often  did  homage  to  the  memory  of  distinguished  indi¬ 
viduals,  and  chiefly  in  his  “  Medical  Library,”*  a  journal 
which  can  hardly  be  excelled ;  but  also  as  secretary  of  our 
society,  where  the  mournful  duty  was  ably  performed  by  him 
of  delivering  addresses  on  occasion  of  the  deaths  of  Richter 
(1812),  Crell  (1816),  Osiander  (1822),  Bouterwek  (1828), 
Mayer  (1831),  Mende  (1832),  and  Stromeyer  (1835). 

His  tribute  to  the  memory  of  Regimental-Surgeon  .Tohann 
Ernst  W reden+  is  so  far  of  importance  for  the  history  of  me¬ 
dicine,  because  that  long-forgotten  practitioner  was  the  first 
who  introduced  inoculation  on  the  Continent,  and  he  did  so  in 
Hanover.  His  account  of  the  Meibomic  collection  of  medical 
manuscripts^  in  the  Gottingen  library  ought  not  to  escape  the 
attention  of  those  interested  in  the  literary  history  of  medi¬ 
cine. 

What  has  been  already  stated  would  have  been  amply  suf¬ 
ficient  to  place  the  services  and  talents  of  Blumenbach  in  a 
proper  light ;  hut  we  have  still  left  unnoticed  his  chief  merits, 
and  it  will  become  evident  from  what  I  shall  mention,  that  in 
this  single  individual  were  united  many  qualifications  of  such 
a  nature,  that  any  one  of  them  would  have  been  enough  to 
secure  celebrity  for  its  possessor. 

Physiology  and  eomparative  anatomy  are  the  two  subjects  in 
which  Blumenbach’s  name  is  most  pre-eminently  conspicuous. 
What  he  has  done  for  these  departments  by  his  writings  and 
lectures,  will  assuredly  so  much  the  less  easily  be  forgotten  by 
his  native  country,  since  it  was  through  him  chiefly  that  foreign 
countries  first  acquired  a  taste  for  these  studies,  and  rendered 
gratitude  not  merely  to  him,  but  generally  to  German  science. 
The  obscure  doctrines  of  generation,  nourishment,  and  repro¬ 
duction,  received  from  him  light  and  critical  explanation.  Al¬ 
though  since  the  period  when  he  first  began  with  such  vigour 
of  intellect  to  examine  the  then  existing  materials,  and  to 

*  Vol.  i-iii.  1783-1795. 

t  Annalen  der  Braunschw.  Luneb.  Churlandc  1789.  Year  3,  No.  2, 
p.  389-390. 

J  In  his  “  Medical  Library.”  Vol.  i.  p.  3C0-377. 
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prosecute  investigations  for  himself,  now  sixty  years  ago,  more 
comprehensive  results  than  he  attained  have  been  acquired, 
yet  it  can  with  truth  be  affirmed  that  his  conclusions,  though 
no  doubt  extended  and  occasionally  corrected,  have  been  in 
no  degree  overturned. 

On  the  9th  May  1778,  observations  on  green  hydra?,  then 
in  the  act  of  reproduction,  first  led  him  to  the  perception 
and  subsequent  extensive  investigation  of  the  incessantly  active 
power  of  nature.  In  the  year  1780  appeared  his  treatise  “  On 
the  Forming  Impulse  {Bildungstrieb),  and  its  Influence  on 
Generation  and  Reproduction,”* * * §  and,  the  year  after,  the  mo- 
nographt  “  On  the  Forming  Impulse  and  the  Process  of  Gene¬ 
ration.”  At  that  time  he  also  wrote  a  paper  “  On  an  unusu¬ 
ally  simple  kind  of  Propagation,”  J  which  was  that  of  the  con¬ 
ferva  occurring  in  wells,  whose  mode  of  propagation  he  had 
discovered  on  the  18th  February  1781. 

He  sent  a  short  answer  to  the  question  proposed  by  the 
Petersburg  Academy,  “  On  the  power  of  Nutrition,”  ||  on  the 
25th  May,  the  day  after  he  finished  it ;  and  obtained  half  the 
prize.  He  wrote  remarks  on  Troja’s  investigations  regarding 
the  production  of  new  bone3.§  Respecting  the  “  Regenerat¬ 
ing  of  an  eye  in  the  Water  Salamander,”  he  communicated 
to  a  meeting  of  this  society ,'il  the  fact  of  four-fifths  of  the  eye¬ 
ball  having  been  cut  out,  and  a  new  eye  having  been  formed. 

With  great  acuteness,  and  with  rare  knowledge,  he  pointed 
out  the  anomalous**  and  diseased  deviations  of  the  forming 
impulse  (Bildungstrieb),  and  shewed  how  artificial  means,  !  t  or 

*  Gotting.  Magaz.  1780.  P.  247-2CC. 

t  1781.  And  then  in  the  Comment,  vol.  viii.  p.  41-C3  :  De  Nisu  Formativo 
et  Generationis  Negotio,  1785. 

*  Getting.  Magaz.  1781.  No.  i.  p.  80-89. 

II  Dc  Nutritione  ultra  vasa.  Tho  prize  was  adjudged  on  the  4th  Decem¬ 
ber  1788.  The  number  of  essays  transmitted  was  twenty-four.  Nova  Acta, 
Ac.  Sc.  Pctropolit.  v.  6.  1790.  Histoire.  Compare  two  treatises  by  K.  F. 
Wolf,  St  Petersburg,  1 789  (the  seeond  is  by  C.  F.  Bom). 

§  Richter’s  Chir.  Bibliothek.  Vol.  vi.  No.  1,  1782,  p.  107. 

^  Gott.  gel.  Anz.  1785.  Part  47,  p.  4(15. 

^('^De  anomalis  et  vitiosis  quibusdam  nisus  formativi  aberrationis,  1812. 
Commentat.  recent,  vol.  ii.  p.  3-20. 

tt  Magazin  fur  das  Neucste  aus  der  Physik,  1789.  Vol.  vi.  p.ait  1,  p.  13. 
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accidental  mutilations,  act  on  animal  bodies,  so  as,  in  time, 
to  produce  hereditary  effects.  That  his  doctrine  of  forming 
impulses  was  adopted,  and,  though  with  altered  modes  of  ex¬ 
pression  and  representation,  employed  as  the  basis  of  wider 
development,  as  by  Kant  in  his  Criticism  on  the  Judgment,  by 
Fichte  in  his  Ethics,  by  Schelling  in  the  “  Weltseele,"  and  by 
Goethe  in  his  Morphology,  afforded  him  peculiar  satisfaction, 
as  it  proved  at  the  same  time  both  its  soundness  and  produc¬ 
tiveness. 

His  Handbook  *  of  Physiology  is  distinguished  by  the  ele¬ 
gance  of  its  language,  and,  like  all  his  works,  by  the  well  se¬ 
lected  information,  as  well  as  the  number  and  value  of  his  own 
observations. 

The  question  as  to  whether  the  blood  should  be  regarded  as 
a  peculiar  vital  power  occupied  himt  greatly  ;  as  did  also  the 
cause  of  the  black  colour  in  the  Negro.J  He  confirmed  by 
his  own  observations  the  chief  experiments  of  Galvani.H  He 
endeavoured  to  ascertain  the  truth  respecting  the  eyes  of  the 
white  Negro,  §  and  the  movement  of  the  iris,  by  comparing 
and  considering  the  facts  previously  collected,  and  by  his  own 
observation.  On  the  23d  August  1782,  he  had  examined  two 
Albinoes  at  Chamoimi. 

In  1784  he  discovered, H  while  dissecting  the  eye  of  a  seal, 
the  remarkable  structure  by  which  that  animal  is  enabled,  at 
will,  to  lengthen  or  shorten  the  axis  of  the  eyeball,  so  as  to 

*  Institutioncs  Pbysiologicae,  1787.  Of  the  many  editions  and  transla¬ 
tions,  Blumenbach  placed  most  value  on  that  by  EUiotson,  published  by 
Bentley  of  London  in  1814,  because  this  was  the  first  book  printed  entirely 
by  a  machine.  Compare  Giitt.  gel.  Anz.  1818,  No.  172,  p.  1713.  A  4th 
edition  of  Elliotson’s  translation  was  published  in  1828. 

t  Dc  vi  vital!  sanguinis,  1787.  Comment,  vol.  ix.  p.  1-13.  Afterwards 
his  Programm  :  De  vi  vital!  sanguini  deneganda,  vita  autem  propria  solidis 
quibusdam  corporis  human!  partibus  adserenda  curse  iteratse,  which  was  oc¬ 
casioned  by  the  publication  of  John  Hunter’s  work  on  the  Blood  after  the 
death  of  that  surgeon,  and  appeared  in  the  year  1795. 

t  De  generis  h.  varict.  nat.  p.  122,  &c.  3d  edition. 

11  Gott.  gel.  Anz.  1793.  No.  32,  p.  320. 

r  De  oculis  leucsethiopum  et  iridis  motu,  1784.  Comment,  vol.  vii. 
p.  29-62.  Compare  Gott.  gel.  Anz.  1784,  No.  175.  Med.  Bibliothek,  vol.  ii. 
p.  537-547. 

^  Commentat.  voL  vii.  1784,  p.  46.  Handbook  of  Comparative  Anatomy, 
3d  edition,  p.  401. 
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have  the  power  of  seeing  distinctly  in  two  media  of  such  dif¬ 
ferent  degrees  of  density  as  air  and  water.  He  was  the  first  to 
point  out  accurately  the  nature  and  the  character  of  the  frontal 
sinuses,* * * §  as  well  as  their  relations  to  diseases.  The  crossing  of 
the  nerves  of  sight  he  regarded  as  an  ascertained  fact.t  Ho 
did  not  feel  justified  in  adopting  the  belief  in  a  muscular  coat  in 
the  gall-bladder.i  With  regard  to  the  protrusion  of  the  eyes 
in  the  case  of  individuals  beheaded, ||  he  pointed  out  that  the 
phenomenon  was  not  entirely  caused  by  congestion,  as  it  is 
in  that  of  persons  who  have  been  hanged.  While  making  a 
communication  “  On  a  Male  Goat  which  afforded  Milk,”§  he 
spoke  of  the  occurrence  of  milk  in  the  breasts  of  men,  and 
endeavoured  to  find  an  explanation  of  the  phenomenon. 

His  “  History!  and  Description  of  the  Bones  of  the  Human 
Body,”  in  which  this  of  itself  uninviting  subject  is  treated  in 
the  most  interesting  and  novel  manner,  will  also  possess  a  per¬ 
manent  value.  His  Handbook**  of  Comparative  Anatomy  was 
not  only  the  first  of  its  kind  in  Germany,  but  in  the  seientific 
w'orld.  Before  his  time  no  book  on  the  entire  science  had  ap¬ 
peared  ;  he  first  introduced  it  into  the  circle  of  subjects  of  in¬ 
struction. 

One  of  his  first  productions  treated  of  the  Alcyonella},+t 
found  in  water  near  Gottingen.  He  also  furnished  a  compara¬ 
tive  view  of  warm  and  cold  blooded  animals, ++  and  afterwards 
a  comparative  view  of  warm-blooded  viviparous  and  oviparous 
animals,  li  11  We  must  not  pass  over  in  silence  his  observations 

*  Prolusio  anat.  do  sinibus  frontalibus,  1779.  His  Programme,  when  ap-- 
pointed  ordinary  professor.  See  Giitt.  gel.  Anz.  1779,  p.  913-91C. 

t  Gott.  gel.  Anz.  1793.  No.  34,  p.  334. 

;  Ibid.  180C.  No.  135,  p.  1352. 

II  Abhandl.  der  Phys.  Med.  Societiit.  zu  Erlangen,  1810.  Part  1,  p.  471. 

§  Hannoverisches  Magazin,  1787.  No.  8,  p.  753-762. 

^  First  of  all  in  1786,  and  then  in  1806. 

**  First  published  in  1805. 

tt  Giitting.  Magaz.  1780,  p.  117-127. 

Specimen  physiologia;  comparata;  inter  animantia  calidi  et  frigidi  san¬ 
guinis,  1786.  Comment,  vol.  viii.  p.  69-100. 

II II  Spec,  physiologiac  comp,  inter  animantia  calidi  sanguinis  vivipara  et 
ovipara,  1788.  Comment,  vol.  ix.  p.  108-129.  Compare  G6tt.  gel.  Anz. 
1789,  No.  8,  p.  73-77.  In  this  treatise  be  gives  his  views  on  the  occurrence 
of  the  yellow  bodies  in  the  un  impregnated  ovum  ;  on  the  formation  of  the' 
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on  the  structure  of  the  omithorynchus,  *  on  the  bills  of  ducks 
and  the  Toucan, t  and  on  the  sack  in  the  neck  of  the  rein¬ 
deer.  J 

In  so  far  as  Blumenbach  considered  physiology  as  the  foun¬ 
dation  of  the  science  of  medicine,  it  is  easy  to  see  in  what 
point  of  view  his  contributions  to  practical  medicine  are  to  be 
regarded  ;  he  omitted  no  opportunity  of  proving  his  interest 
in  this  particular  direction.  He  published  his  ideas  on  the 
frequency  of  hernia  ||  in  the  Alps ;  on  home  sickness  ;  §  on 
melancholy  IT  and  suicide  in  Switzerland ;  on  the  expulsion 
of  a  Scolopendra  electrica  from  the  nose  ;**  and  on  a  case  of 
water  in  the  head  of  seventeen  years’  standing.+t  He  contri¬ 
buted  also  to  materia  medica,  by  his  experiments  with  gases 
on  living  animals  his  communication  of  a  new  species  of 
dragon’s-blood  from  Botany  Bay  ;  ||  ||  and  his  description  of  the 
true  Winter’s-bark, 

Blumenbach’s  scientific  reputation  stood  so  high,  that  every 
hint  from  him  was  regarded  and  followed,  such  as  his  remarks 
on  the  best  methods  of  collecting  extracts,  notes, &c.;§§  and  his 
works,  such  as  his  handbooks,  enjoyed  such  celebrity,  that  au¬ 
thors  and  booksellersliH  considered  a  preface  from  him  as  the 
best  recommendation  for  their  works.  In  this  manner  were 

double  heart ;  and,  on  the  period  at  which  the  ribs  are  produced  in  the 
embryo. 

*  De  Ornithorynchi  paradoxi  fabrica  observationes  quaxlam  anatomicse. 
In  theMemoires  de  la  Soc.  Med.  d’Emulation,  vol.  iv.  Paris,  1799,  p.  320-323. 
And  GutU  gel.  Anz.  1800,  p.  609-C12. 

t  In  his  “  Specimen  Physiologix  Comparatse  inter  Animantia  Calidi  San¬ 
guinis  vivipara  et  ovipara,”  1789. 

t  Giitt.  gel.  Anz.  1783.  No.  viL  p.  68. 

II  In  his  “  Medical  Library,”  vol.  i.  p.  725. 

§  Ibid.  p.  732 ;  and  compare  Schlozer’s  Correspondence.  Part  iii,  1778/ 
p.  231. 

^  Med.  Bibliothek,  vol.  ii.  p.  163-173. 

**  Compare  J.  L.  Welge  Diss.  de  morbis  sinuum  frontalium.  Gutting. 
1786,  iv.  §  4.  p.  10. 

tt  Med.  Biblioth.  vol.  iii.  p.  616-639. 

U  Ibid.  vol.  i.  p.  173. 

III  Contributions  to  Materia  Medica  in  Med.  Bibl.  vol.  i.  p.  16G-17L 

§§  Ibid.  vol.  iii.  p.  547. 

He  added  a  preface  to  Gmelin’s  History  of  Animal  and  Vegetable 
Poisons.  Erfurth,  1805. 
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introduced  by  him  Cheselden’s  Anatomy,*  Neergard’s  Compa¬ 
rative  anatomy  and  physiology  of  the  digestive  organs,  t  and 
Gilbert  Blane’sJ  Elements  of  medical  logic. 

I  must  now  allude  to  one  kind  of  knowledge  in  which  Blu- 
menbach  had  hardly  his  equal,  that  is,  his  acquaintance  with 
voyages  and  travels.  He  had  read  all  the  works  of  that  de¬ 
scription  in  the  Gottingen  library,  made  extracts  from  them, 
and  prepared  a  triple  list,  namely,  a  geographical,  a  chronolo¬ 
gical,  and  an  alphabetical.  He  was  indebted  to  this  occupa¬ 
tion,  as  he  often  was  in  the  habit  of  saying,  for  no  small  por¬ 
tion  of  his  information  :  he  was  thus  furnished  with  an  ever 
productive  mine  for  his  natural  historical  and  ethnographical 
labours. 

He  himself  had  made  comparatively  few  long  journeys  ;  ||  for 
he  had  only  been  through  a  part  of  Switzerland  §  and  Holland, 
to  England,  or  rather  to  London, H  which  he  termed  the  sixth 
quarter  of  the  globe,  and  to  Paris,  whither  he  went,  at  the” 
Westphalian  period,  on  a  diplomatic  mission,  to  bespeak  the 
favourable  consideration  of  Napoleon  for  the  university,  on 
which  occasion  De  la  Cepede  was  his  intercessor  and  conduc¬ 
tor.  During  his  journeys  he  kept  journals,  in  which  he  in¬ 
serted  briefly  whatever  was  worth  knowing.  Of  these  very 
varied  notices  but  little  is  as  yet  known.** 

He  executed  a  translation  of  the  medical  observations  +t  in 
the  second  part  of  Ives’s  Travels  ;  he  wrote  a  preface  to  the 

*  German  edition,  by  A.  F.  Wolf.  Gottingen,  1789. 

t  Berlin,  1006.  In  the  preface,  Blumcnbach  speaks  of  tlic  influence  of 
comparative  anatomy  on  thcpbilosopLical  study  of  natural  history  generally, 
and  more  particularly  on  the  physiology  of  the  human  body,  and  on  the  ve¬ 
terinary  art. 

t  Gottingen,  1819. 

II  When  he  required  a  jaunt  for  his  health,  he  was  glad  to  visit  the  Dow¬ 
ager  Princess  Christina  von  Waldeck  at  Arolsen,  where  he  was  always  most 
graciously  received ;  or  he  made  a  trip  to  Pyrmont ;  or  to  Gotha,  Behburg, 
Weimar,  and  Dresden. 

§  In  1783.  *  In  the  years  1791-1793. 

**  Bemarks  on  some  tours  in  Waldeck,  collected  in  SchlOzer’s  Corres¬ 
pondence,  p.irt  iii.,  1778,  p.  229-237.  Also,  some  natural  historical  remarks 
made  during  a  journey  to  Switzerland,  in  the  Magazin  fiir  das  Ncueste,  &c. 
vol.  iv.  No.  3,  1787,  p.  1 ;  and  voL  v.  No.  1,  1788,  p.  13. 

tt  The  other  part  of  this  voyage  to  India  was  translated  by  Dohm.  Leip- 

sic,  1775. 
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first  part  of  the  collection*  of  remarkable  voyages  and  travels ; 
and  he  furnished  a  preface  and  remarks  for  Volkmann’s  trans¬ 
lation  of  Bruce’s  Travels. 

It  is  indeed  not  too  much  to  assert  that  the  desire  awaken¬ 
ed  in  many  distinguished  men  to  undertake  extensive  natu¬ 
ral  history  voyages  and  travels,  and  the  results  tluis  obtained 
for  science,  were  caused  in  a  great  measure  by  Blumenbach. 
Hornemann,t  Alexander  Von  Humboldt,  Langsdorf,  Seetzen, 
Rcintgen,  Sibthorp,  Prince  Maximilian  of  Neuwied,  were  and 
are  his  grateful  scholars. 

To  Blumenbach’s  unknown,  or  at  least  not  sufficiently  ap¬ 
preciated,  literary  services,  belong  his  extremely  numerous 
critiques,  published  not  only  in  the  “  Bibliothek”  edited  by  him¬ 
self,  but  more  especially  in  the  Gottingen  “  Gelehrte  An- 
zeigen,”  and  which  passed  under  review  works  in  all  his  vari¬ 
ous  branches  of  knowledge  for  a  long  series  of  years.  His 
first  critique  was  on  a  treatise  by  Xenocrates,  and  appeared  in 
the  2d  vol.  of  Walch’s  Philological  Library. 

He  had  himself  at  first  experienced  how  unreasonably  and 
thoughtlessly  reviews  are  frequently  executed ;  J  with  him  it 
was  a  fixed  principle  invariably  to  separate  the  person  from 
the  thing,  to  render  the  judgment  as  objective  as  possible, 
and  never  to  abuse  the  office  of  scientific  judge,  by  rendering 
it  the  vehicle  for  the  display  of  personal  feelings.  His  reviews 
are  distinguished  for  their  concise  brevity,  for  seizing  hold  of 
the  essential  points  in  discussion,  for  interspersed  jocularity, 
and  for  instructive  original  observations  and  views. 

A  manuscript  observation  by  Blumenbach,  which  I  found 
in  a  note-book  which  he  lent  me  on  one  occasion,  is  worthy 
of  attention,  because,  to  a  certain  extent,  it  explains  the  fa- 

*  Leipsic,  1790,  in  5  volumes. 

t  Ilornemann  first  expressed  to  his  teacher  his  desire  to  travel  in  the  in¬ 
terior  of  Africa  on  the  2d  July  1794.  Blumenbach  afterwards  published  an 
account  of  this  enterprising  young  man,  and  of  the  successful  execution  of 
his  plan  in  Zach’s  Allgera.  Geogr.  Ephemeriden.,  vol.  i.,  Weimar,  1798, 
p.  lie  120,  p.  368-371,  and  vol.  iii.  p.  193. 

*  "As  his  Hand-book  of  Natural  History  was  as  ignorantly  as  inconsiderate¬ 
ly  reviewed,  he  wrote  an  article  in  the  GBttingon  Magazine,  “  On  a  literary 
curiosity,  but  one  which  unfortunately  is  no  rarity.”  1780,  p.  467-484. 
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cility  he  had  in  preparing  articles  like  those  of  which  I  have 
spoken.  He  says,  “  I  was  obliged  when  at  school  to  make 
out  a  sketch  of  the  sermons  we  heard  in  church.  This  prac¬ 
tice  afterwards  proved  of  great  benefit  to  me  in  reading,  ex¬ 
tracting,  and  reviewing,’and  in  the  performance  of  many  public 
duties,  because  it  gave  me  the  power  of  selecting,  retaining, 
and  expressing  concisely  the  essential  points  under  consider¬ 
ation.” 

As  Blumenbach  was  involved  in  few  literary  feuds,  it  did 
not  easily  happen  that  his  critiques  drew  do^vn  upon  him 
hatred  or  anger;  but  sometimes  he  could  notavoid  calling  things 
by  their  proper  names,  and  cxliibiting  false  celebrity  in  its 
real  nakedness.* 

(To  be  concluded  in  our  next  Number.) 


Observations  on  Solar  Fadiation,  made  at  Fort  Franklin  in  the 
years  1825, 1826,  and  1827.  By  John  Richardson,  M.D., 
F.ll.S.,  and  Inspector  of  Naval  Hospitals.  Communicated 
by  the  Author. 

While  residing  at  Fort  Franklin,  in  North  America,  in  the 
year  1825-26,  1  made  a  series  of  observations  on  the  heating 
power  of  the  sun’s  rays  with  a  black-bulb  thermometer,  and 
some  of  the  results  were  published  in  the  “  Appendix  to  the 
Narrative  of  Sir  John  Franklin’s  Second  Journey.”  It  has 
been  observed  by  an  eminent  philosopher,  in  reference  to  ob¬ 
servations  of  this  kind,  that,  as  measures  of  solar  radiation, 
they  have  generally  been  made  on  an  erroneous  principle, 
“  the  true  indication  of  the  force  of  the  solar  rays  not  being 
the  statical  effect  upon  the  thermometer,  but  their  momen¬ 
tary  intensity,  measured  by  the  velocity  with  which  they  com¬ 
municate  heat  to  an  absorbent  body.”f  The  actinometcr  has 

*  His  critique  of  Kamprs  New  Method  of  curing  the  most  obstinate  Diseases 
of  the  Bowels  (Med.  Bibl.  vol.  ii.  No.  i.)  gave  offence  to  the  author,  but  yet 
afterwards  obtained  from  him  for  Blumenbach  public  thanks  (in  the  second 
edition  of  that  book,  Leipsic,  1786,  p.  3CG). 

+  Sir  John  Herschel,  quoted  in  the  Deport  by  Professor  Forbes  on  Me¬ 
teorology  ;  Trans,  of  the  British  Association,  voL  i. 
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since  been  contrived  by  Sir  John  Herschel  for  this  purpose  ; 
but  in  the  report  of  the  Committee  of  Meteorology  appointed 
by  the  Royal  Society,  it  is  said,  “  As  the  actinometer  can  only 
be  observed  at  intervals  in  perfectly  clear  weather,  additional 
information  with  regard  to  solar  radiation,  of  much  interest, 
though  not  of  so  precise  a  nature,  may  be  obtained,  by  the 
daily  register  of  the  maximum  temperature  of  a  register  ther¬ 
mometer,  with  a  blackened  bulb,  exposed  to  the  full  action  of 
the  sun’s  rays.  It  may  be  placed  about  an  inch  above  the 
bare  soil,  and  screened  from  currents  of  air.  The  maximum 
temperature  indicated  by  such  a  thermometer,  even  in  cloudy 
weather,  will  generally  be  considerably  above  that  of  the  air, 
and  the  maxima  and  mean  daily  maxima  of  its  indications 
will,  after  a  long  series  of  obsen’ations, .  afford  data  of  the 
utmost  value  to  the  history  of  climates.”  As  this  recommen¬ 
dation  will  undoubtedly  be  extensively  acted  upon  by  the  ex¬ 
pedition  which  has  sailed  to  the  antarctic  regions,  and  at  the 
observatories  established  in  connection  with  it,  we  may  expect 
to  have  in  a  few  years  a  large  body  of  facts  recorded  con¬ 
cerning  solar  radiation  in  various  latitudes  ;  and  it  will  obvi¬ 
ously  facilitate  the  deduction  of  general  laws  therefrom  to  have 
the  means  of  comparing  observations  made  in  the  southern 
hemisphere  with  similar  ones  made  in  the  arctic  regions.  With 
this  view,  I  have  revised  the  original  records  of  the- Fort 
Franklin  observations,  for  the  purpose  of  tabulating  them 
more  fully  than  has  been  done  in  the  appendix  above  men¬ 
tioned,  so  that,  in  conjunction  with  the  tables  there  given,  the 
most  important  of  the  results  may  be  readily  exhibited. 

When  1  first  thought  of  commencing  the  observations  in 
question,  I  had  no  personal  experience  to  guide  me  in  the  best 
mode  of  conducting  them,  nor  had  I  read  of  any  example  that 
I  could  follow,  further  than  the  general  recommendation  to 
travellers  to  observe  the  effect  of  the  sun  on  a  thermometer 
with  the  bulb  blackened  or  wrapped  round  with  black  wool. 
My  earliest  trials  were,  therefore,  of  the  nature  of  experiments, 
and  for  two  or  three  months  were  made  only  at  times  when 
the  sun  shone  brightly.  In  February  1826  I  began  to  ob¬ 
serve  every  hour  that  the  sun  was  above  the  horizon,  and  con- 
tinned  to  do  so  till  the  end  of  April,  when  1  found,  on  summing 
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up  the  hourly  columns  of  each  month,  that  the  curves  of  tem¬ 
perature  were  very  irregular,  the  irregularities  being  evidently 
caused  by  the  black-bulb  thermometer  not  being  properly 
sheltered  from  the  wind.*  I  have  included  these  months  in 
the  following  tables,  but  they  must  be  considered  as  very  im¬ 
perfect.  In  the  winter  there  were  many  calm  days,  but  as 
the  spring  advanced  the  air  was  seldom  still  when  the  sun 
shone;  and  in  May,  therefore,  I  completely  sheltered  the  black¬ 
ened  thermometer  by  enclosing  it  in  a  large  thin  glass  bottle. 

In  this  month  the  mean  excess  of  the  temperature  indicated 
by  the  blackened  thermometer  over  one  in  the  shade  rises  in 
the  morning  at  each  successive  hour  of  observation,  attains  its 
maximum  at  noon,  and  descends  again  in  the  afternoon,  as 
shewn  in  the  accompanying  plate  (Plate  V.)  And  this  I  regret  to 
say  is  the  only  month  for  which  I  possess  hourly  observations  to 
be  depended  upon.  I  left  the  Fort  in  June,  and  though  Mr  , 
Dease  kindly  continued  the  observations  every  third  hour  in 
July  and  August,  yet  as  he  had  no  watch  whereby  to  measure 
the  time,  the  results  for  these  months  must  be  somewhat  un¬ 
certain.  It  is  satisfactory,  however,  to  find  that  both  the  mean 
excess  and  the  maximum  excess  in  these  two  months  are 
greater  the  nearer  the  hours  are  to  noon.  From  September 
182G  to  the  end  of  April  following  (1827),  the  observations 
were  continued  at  8,  10,  11,  a.m.,  and  1,  2,  4,  p.  m.,  and  after 
the  middle  of  February  at  noon  also  by  Sir  George  Back  and 
Lieutenant  Kendall ;  and  though  I  have  not  their  original  re¬ 
gisters  to  refer  to,  I  have  extracted  from  Franklin’s  appendix 
as  many  of  the  results  as  the  tables  there  given  would  fur¬ 
nish. 

For  these  observations,  a  pair  of  thermometers  correspond¬ 
ing  most  nearly  with  each  other  in  their  scales  was  chosen. 
Up  to  the  end  of  April  1826,  spirit-thermometers  were  used  ; 
in  May,  July,  August,  and  September,  mercurial  ones  were 
employed ;  and  from  November  till  the  end  of  April  1827,  the 
spirit  ones  were  resumed.  They  were  all  constructed  by  New¬ 
man,  and  had  spherical  bulbs  half  an  inch  in  diameter.  The 
thermometer  exposed  to  the  sun  was  prepared  by  coating  its 

*  See  Franklin’s  Appendix  above  quoted,  where  the  days  on  which  the 
wind  affected  the  black-bulb  thermometer  are  marked  by  an  asterisk. 
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bulb  with  a  thin  film  of  silk  paper,  and  then  blackening  it 
thoroughly  with  china-ink  and  indigo.  The  silk  paper  was 
used  to  overcome  effectually  the  polish  of  the  glass  and  pre¬ 
vent  the  reflection  of  any  of  the  sun’s  rays.  From  the  com¬ 
mencement  of  the  observations  till  the  end  of  April  1826,  the 
blackened-bulb  thermometer  was  hung  on  the  south  side  of 
a  rough  deal  shed  used  as  an  observatory;  while  the  correspond¬ 
ing  thermometer  with  a  clean  bulb  was  secured  on  the  north, 
and  consequently  shady  side.  The  black-bulb  thermometer 
was  therefore  sheltered  from  the  winds  that  came  from  the 
northern  points  of  the  compass  only.  In  May  1826,  and  all 
the  following  months,  both  the  clean  and  black-bulb  thermo¬ 
meters  were  secured  on  the  top  of  a  slender  detached  post 
rising  three  feet  above  the  sandy  soil.  A  square,  thin,  clear 
glass  bottle,  four  inches  wide,  placed  on  the  top  of  the  post, 
enclosed  the  radiation  thermometer,  and  protected  it  from  the 
wind.  Its  month  was  left  open.  The  other  thermometer  was 
secured  on  the  same  post,  at  the  same  height,  and  its  bulb, 
with  the  lower  part  of  its  scale,  were  enclosed  in  two  concen¬ 
tric  brass  cylinders,  which  permitted  a  free  circulation  of  air, 
but  effectually  intercepted  the  sun’s  rays.  This  was  ascer¬ 
tained  by  almost  an  hourly  comparison  with  two  other  ther¬ 
mometers,  one  inside  the  observatory,  which  was  regularly 
registered  in  connection  with  the  magnetical  observations,  and 
another  hung  in  the  open  air  on  the  north  side  of  the  obser¬ 
vatory.  The  latter  always  felt  the  influence  of  the  sun  in 
May  and  the  summer  months,  both  in  the  morning  and  even¬ 
ing  (owing  to  the  high  latitude),  and  being  also  unsheltered 
from  radiation  of  the  sandy  soil  and  of  the  deal  observatory, 
was  scarcely  ever  lower  than  the  thermometer  enclosed  in  the 
brass  cylinders  even  at  noon.  The  black-bulb  thermometer 
in  the  bottle  was  very  sensitive,  and  has  been  noticed  to  fall 
10’  in  the  short  space  of  time  .occupied  by  a  cloud  passing  over 
the  face  of  the  sun  in  a  moderate  breeze.  In  clear  nights  it 
often  shewed  a  lower  temperatme  than  any  of  the  thermome¬ 
ters  with  clean  bulbs,  the  difference  in  some  instances  amount¬ 
ing  to  4°.  During  May  1826,  a  spirit  black-bulb  thermometer 
unsheltered  by  glass  was  hung  against  the  observatory  and 
shifted  from  side  to  side  with  the  course  of  the  sim.  A  re- 
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gister  of  its  indications  is  printed  in  Franklin's  appendix,  and 
when  contrasted  with  the  register  of  the  one  in  the  bottle, 
shews  the  necessity  of  protecting  the  radiation  thermometer 
by  glass  if  the  observations  are  to  be  continued  in  windy 
weather. 

From  Tables  IV.  V.  and  VI.,  the  daily  curve  of  the  mean 
effect  of  the  sim  in  May,  July,  and  August,  may  be  construct¬ 
ed,  and  the  plate  on  which  the  curves  are  exhibited  contains 
also  the  daily  curve  of  temperature  for  the  twenty-eight  days 
of  May  on  which  the  observations  were  made  (30°  being  sub¬ 
tracted  from  the  temperature  at  each  hour).  Table  VII.  is 
added  to  shew  the  effect  of  the  sun  in  raising  the  temperature 
of  the  atmosphere  between  sunrise  and  one  or  two  in  the 
afternoon,  the  maximum  temperature  at  the  two  latter  hours 
being  recorded. 

As  the  observations  are  tolerably  complete  only  for  one 
month  (May  1826),  deductions  from  them  as  to  the  intensity 
or  to  the  total  effect  of  the  sun’s  rays  in  the  different  seasons 
of  the  year  would  carry  but  little  weight.  I  have,  however, 
in  Franklin’s  appendix,  broached  an  opinion,  that  in  the  high 
northern  latitudes  of  America,  the  average  intensity  of  the 
heat  of  the  sun  is  greater  in  the  spring  months  than  near  the 
summer  solstice,  the  greater  clearness  of  the  atmosphere 
compensating  for  the  smaller  altitude  of  the  sun.  This  opi¬ 
nion  is  supported  by  the  subjoined  tables.  In  Table  I.,  for 
instance,  the  means  of  the  maxima  indications  of  the  radia¬ 
tion  thermometer  for  February  1827  are  nearly  equal  to  those 
for  May  1826,  though  the  times  of  observation  were  so  much 
more  numerous  in  the  latter  inonth,  and  consequently  there  was 
more  chance  of  ascertaining  the  true  maximum  on  each  day ; 
they  are  also  considerably  above  those  for  the  first  sixteen  days 
of  May  1827,  when  the  observations  were  more  frequent  than 
in  February.  In  March  and  April  1827,  the  means  exceed 
those  of  February  and  May ;  and  if  they  do  not  do  so  also  in 
April  1826,  it  is  to  be  attributed  to  the  effect  of  the  frequent 
winds  in  that  month  on  the  unsheltered  radiation  thermome¬ 
ter.  The  column  containing  the  monthly  maxima  of  the 
black-bulb  thermometer  also  leads  strongly  to  the  same  con¬ 
clusion  ;  and  here  the  want  of  shelter  is  not  so  operative,  as 
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many  of  the  clearest  days  were  calm,  particularly  in  the  win¬ 
ter  and  early  spring  months.  In  this  column  the  maxima  in¬ 
crease  in  amount  from  December  to  March  or  April,  and  de¬ 
crease  gradually  in  the  succeeding  months.  The  irregularity 
for  July  1826  may  be  accounted  for  by  only  twenty-one  days 
being  included ;  and  the  smallness  of  the  number  of  observa¬ 
tions  in  the  autumn  of  1825  may  also  be  considered  as  the 
reason  of  the  small  mean  for  October.  Table  VII.,  and  what 
is  nearly  the  same  thing,  the  much  greater  sharpness  and  al¬ 
titude  of  the  mean  curv^es  of  temperature  for  March  and  April, 
as  shewn  in  Plate  I.,  f.  5,  Geograph.  Journal,  vol.  ix.,  may 
also  be  adduced  in  corroboration  of  my  remark. 

I  shall  not  repeat  here  the  attempt  I  have  made  elsewhere 
to  explain  the  cause  of  the  clearness  of  the  atmosphere  in  the 
spring  of  those  climates,  but  shall  merely  remind  the  reader, 
that  at  Fort  Franklin  the  snow  does  not  disappear  till  the  be¬ 
ginning  of  May,  consequently  the  soil  cannot  before  that 
month  accumulate  heat  from  day  to  day ;  and  that  when  the 
snow  is  at  the  melting  point,  a  powerful  sun  one  day  will 
have  little  effect  in  raising  the  mean  heat  of  the  following 
day. 

When  the  solar  rays  are  projected  at  low  altitudes  into  the 
lower  dense  or  cloudy  stratum  of  the  air,  considerable  irregu¬ 
larities  and  sudden  changes  of  temperature  must  result,  pro¬ 
ducing  partial  currents,  and  mingling  of  masses  of  air  in  dif¬ 
ferent  conditions,  all  increasing  the  scattering  action  of  the 
strata  on  the  solar  light. But  if,  from  the  natural  effect  of 
the  climate,  the  air  in  the  high  northern  regions  of  America 
be  peculiarly  free  from  clouds,  and  clear  in  the  spring,  there 
does  not  appear  to  me  to  be  any  great  difficulty  in  explaining 
why  the  more  oblique  rays  in  spring  should  have  a  superior 
effect  on  the  black-biilb  thermometer,  than  the  more  direct 
ones  passing  through  a  comparatively  cloudy  atmosphere  near 
the  summer  solstice.  I  have  no  doubt  but  that  future  expe¬ 
riments  will  shew  that  the  sun,  at  equal  altitudes,  acts  more 
intensely  (in  spring  at  least)  near  the  poles,  than  near  the  equa¬ 
tor,  although  the  increase  of  the  temperature  of  the  atmo¬ 
sphere  may  be  greater  in  the  latter  locality  through  indirect 
radiation. 

*  Vide  Astronomy,  by  Sir  J.  F.  W.  Ilerschcl,  &c.,  p.  33. 
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TABLE  I. 

Of  Mean  daily  Maximum  excess  for  each  month  of  the  Radiation 
Thermometer  over  the  Temperature  in  the  Shade ;  and  of  the 
Maximum  excess  for  each  month. 
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31 
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30 

269 
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28 
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31 
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24 
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25.14 
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31 

70 

7.05 
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tliin  gUiss  bottle. 

Jan. 

31 
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38.3 
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Feb. 

28 
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34.58 

—19.65 
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31 
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+  1.01 

il  68.0 

+  17.0 

April, 

1 

■ 

53.18 

+  16.15 

i  70.0 
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Note. — In  October,  November,  December  1825,  and  January 1826,  the  obser¬ 
vations  were  recorded  only  when  the  sun  shone  out  favourably ;  in  the  fol¬ 
lowing  months,  up  to  May  inclusive,  almost  regularly  at  the  stated  hours. 
In  July  and  August  1826,  they  were  made  at  intervals  of  three  hours  ;  and 
from  September  1826  to  May  1827,  six,  and  latterly  seven,  daily  observa¬ 
tions  were  made  throughout  each  month. 

The  maximum  excess  of  the  radiation  thermometer  in  the  first  sixteen 
days  of  May  1827  was  50'’.2,  and  the  mean  of  the  maxima  for  the  same  time 
was  33°.85. 
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TABLE  II. 

0/  the  Mammwn  excess  of  the  Blaek-hulb  Thermometer  over  one 
in  the  Shade  at  the  several  hours  of  Observation. 


CUM 
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TABLE  III. 

Of  the  Monthly  Mean  cmcss  of  the  unsheltered  Black-bulb  Thermo¬ 
meter  over  one  in  the  Shade,  at  the  several  hours  of  Observation. 


March. 

April. 

16.04 

11.67 

22.46 

15.41 

25.00 

16.38 

24.86 

17.63 

23.97 

17.72 

22.02 

17.76 

22.51 

18.64 

18.12 

13.76 

13.97 

10.87 

10.72 

7.77 

The  observations  were  recorded  only  at  favourable  times  in  the  months 
previous  to  February.  Thus,  in 

October  at  10  h.  there  were  but  6  obs. ;  at  1 1  h.,  4  obs. ;  at  noon,  6  obs. ; 
at  1  h.,  4  obs. ;  and  at  2  h.,  8  obs. 

November,  at  10  h.,  8  obs. ;  11  h.,  12  obs. ;  noon,  16  obs. ;  1  h.,  9  obs. ;  2 
L.,  11  obs. 

December,  at  10  h.,  4  obs. ;  11  h.,  18  obs. ;  noon,  22  obs. ;  1  h.,  20  obs. ;  2 
h.,  13  obs. 

January,  at  10  h.,  7  obs. ;  11  h.,  8  obs. ;  noon,  16  obs. ;  1  h.,  7  obs. ;  2 
h.,  6  obs. 

February,  only  2  obs.  at  8  a.m.,  but  daily  at  the  other  hours,  except  4, 
when  the  observations  were  necessarily  confined  to  the  last  14  days,  the  sun 
not  being  .above  the  horizon  before. 

March,  daily  at  each  hour,  except  at  11  h.,  when  29  obs. ;  4  h.  when  30  ; 
and  5  h.,  18  obs. 

April,  at  8  h.,  28  obs. ;  9  h.,  29  obs. ;  10  h.,  29  obs. ;  1 1  h.,  29  obs. ;  2  h., 
20  obs. ;  4  h.,  28  ;  5  h.,  21 ;  at  the  other  hours  daily. 
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TABLE  IV. 

Of  the  Mean  hourly  excess  shewn  by  a  Black-bulb  Mercurial  Ther¬ 
mometer  sheltered  by  Glass  over  a  clean  Thermometer  in  the  Shade, 
for  the  twenty -eight  last  days  of  May  1826  (from  fourth  to  thirty - 
first  day  inclusive). 
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TABLE  VII. 


Exhibiting  the  Monthly  Mean  difference  of  Temperature  in  the  Shade 
at  Sunrise,  from  the  Mean  Maximum  at  1  or  2  p.m. 


Months. 

Mean  Temp,  at 
Sunrise. 

Mean  Temp,  at 

1  or  2  p.  M. 

Difference  of 
these  two. 

Moan  Temp,  of 
the  Month. 

1823. 

September, 

+  42.14 

+  44.82 

2.C80 

+  42.92 

October, 

+  18.32 

+  23.75 

+  20.27 

November, 

+  1.77 

+  4.83 

3.064 

+  2.79 

December, 

—14.45 

—  12.05 

2.105 

—14.35 

1826. 

January, 

—21.48 

3.378 

Februju-y, 

—  7.72 

7.072 

March, 

—15.42 

+  1.71 

17.129 

April, 

+  7.47 

+  23.21 

15.735 

May, 

+  28.27 

+  41.73 

13.462 

+  36.33 

Note. — The  mean  temperature  in  the  third  column  is  for  the  most  part 
that  at  1  r.M. ;  but  when  the  temperature  at  2  was  greater,  tiiat  is  given. 


liemarks  on  the  Preceding  Paper.  By  Professor  Forbes. 

Dr  Richardson  has,  I  think,  fairly  deduced  from  his  obser¬ 
vations,  confessedly  imperfect  as  they  are,  that  his  photo¬ 
metric  apparatus  was  more  affected  by  sunlight  in  March  and 
April  than  during  the  summer  months.  Whether  this  he  due 
to  the  greater  intensity  of  the  solar  rays  in  spring,  as  he  sup¬ 
poses,  may  perhaps  be  considered  as  not  so  fully  proved.  The 
principle  of  measuring  the  intensity  of  solar  radiation  by  ahlack- 
ened  thermometer,  is  due  to  Lambert,  and  was  ingeniously 
and  elegantly  applied  by  Leslie.  Such  instruments,  carefully 
sheltered  by  glass  (as  in  Dr  Richardson’s  later  experiments), 
are  certainly  capable  of  yielding  valuable  results,  although 
we  have  not  yet  learned  to  interpret  them  aright.  Their  in¬ 
dications  are,  however,  very  different  from  the  sensible  effects 
of  the  sun’s  action  on  the  animal  frame  for  instance,  and  from 
the  more  direct  measure  of  it  which  is  obtained  by  means  of 
Ilersehcl’s  Actinometer.*  Any  measures  sufficiently  often  re- 


*  It  is  a  curious  fact,  which  has  only  conic  lately  to  my  knowledge,  that 
in  Sir  J.  Leslie’s  earliest  paiicr,  read  to  the  Iloytil  Society  in  1793,  but  first 
published  twenty-six  years  later  in  Thomson’s  Annals  of  Philosophy,  vol. 
xiv.,  he  has  laid  down  with  perfect  clearness  the  principle  of  the  actinomc- 
ter,  which  ho  has  described  as  the  only  true  measure,  and  which  yet  ho 
wholly  overlooked  in  the  final  construction  of  his  Photometer,  which  mea¬ 
sures  the  statical  maximum  of  temperature  which  a  blackened  ball  is  ca¬ 
pable  of  assuming,  instead  of  the  momentary  increment  of  heat  which  it 
receives.  His  words  arc :  “  The  initial  change  on  the  tlictmomctcr  is  in 
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pcated,  under  circumstances  nearly  the  same,  have  a  certain 
degree  of  comparability  with  one  another ;  and  Dr  Richard¬ 
son’s  curve  of  diurnal  radiation  is  so  regular  as  to  confirm  the 
comparable  character  of  his  method.  The  results  obtained  in 
different  months,  (Table  I.)  are  less  satisfactory  ;  but  by  pro¬ 
jecting  both  the  mean  and  extreme  numbers,  I  find  a  coinci¬ 
dence  which  seems  to  indicate  a  maximum  effect  about  the 
month  of  April,  and  not  in  June,  as  we  might  expect  from  ob¬ 
servations  in  other  climates.  Dr  Richardson  declares  that 
experience  has  convinced  him  that  the  sky  is  clearer  in  spring 
than  in  summer  in  the  arctic  regions,  and  has  assigned  reasons 
for  this  difference.  (Franklin’s  Second  Journey,  Appendix, 
p.  cx.)  But  without  disputing  the  fact,  we  must  be  allowed 
to  doubt  (as  contrary  to  general  experience)  whether  the  in¬ 
creased  power  of  the  sun’s  rays,  owing  to  the  shorter  tract  of 
air  traversed,  is  not  far  more  effective  (a  few  degrees  of  ele¬ 
vation  at  low  altitudes  making  a  difference  of  thickness  to  be 
traversed  quite  enormous,  varying  nearly  as  the  secant  of 
the  zenith  distanee)  than  any  diminution  due  to  slight  va¬ 
pours  raised  by  the  solar  heat.  We  must  not,  however,  rest 
in  mere  conjecture.  Dr  Richardson  has  pointedly  alluded  in 
the  preceding  paper  (p.  245  \  and  in  Franklin’s  Appendix 
(p.cx.,)  to  jiresence  of  snow  on  the  ground*  as  accompanying 
the  peculiar  atmospheric  condition  which  he  considers  so  fa¬ 
vourable  to  the  solar  action.  I  am  disposed  to  attribute  the 
effect  solely  to  the  mechanical  action  of  the  snow  in  reflecting 
the  solar  light  to  the  instrument.  Dr  Richardson  has  alluded 
to  a  fact  well  known  to  those  who  have  used  Leslie’s  photo¬ 
meter,  that  the  presence  of  clouds,  when  dense,  white,  and 
luminous,  affects  most  strongly  its  indications,  and  that  the 
scattered  light  even  of  a  blue  sky  equals  sometimes  the  direct 
effect  of  the  sun  itself.  This  paradoxical  result  shews  the 
necessity  that  there  is  for  cautious  deduction  from  an  instru¬ 
ment  so  curiously  sensitive,  and  as  yet  so  imperfectly  studied ; 
but  as  these  facts  cannot  be  doubted,  there  can  be  no  difficulty 
in  believing,  that  the  reflection  from  a  boundless  field  of  daz- 

cvery  case  the  only  certain  and  accurate  measure  of  the  communication  of 
heat.”  (Thomson’s  Annals,  1819,  xiv.  p.  7-) 

*  “It”  (the  force  of  the  sun’s  rays)  “  was  much  stronger  in  the  spring 
months,  when  the  ground  was  covered  with  snow,  than  in  the  sum¬ 
mer  months,  when  the  altitude  of  the  sun  was  greater.” 
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zling  snow  must  be  most  energetic  indeed,  and  that  the  dis¬ 
appearance  of  the  snoAv  in  May  causes  an  apparent  diminu¬ 
tion  of  solar  intensity,  because  the  rays  which  before  were  re¬ 
flected  are  now  chiefly  absorbed  by  the  vegetable  and  earthy 
surface  of  the  ground.* 

I  regret  very  much  that  a  fit  opportunity  has  not  offered 
itself  since  Dr  Richardson’s  paper  came  into  my  hands  of 
verifying  my  conjecture  by  direct  observation  ;  hut  snow  and 
bright  sunshine  are  elements  more  rarely  combined  in  the 
latitude  of  Edinburgh  than  that  of  Fort  Franklin. 

Observations  with  the  actinometer  would  fairly  eliminate 
the  disturbing  influence  of  the  snow  and  all  others,  and  there¬ 
fore  can  alone  be  perfectly  relied  on  in  deciding  this  question. 

\Gth  February  1841*  James  D.  Forbes. 


Observations  on  the  Progress  of  the  Seasons  as  affecting  Ani¬ 
mals  and  Vegetables  at  Martinis  Falls,  Albany  Fiver,  Hud¬ 
son's  Bay,  By  George  Barnston,  Esq.  Communicated  by 
Dr  Richardson,  F.  R.  S.,  Inspector  of  Hospitals,  Haslar. 
The  following  Paper  was  drawn  up  in  consequence  of  a 
printed  communication  from  Dr  Richardson,  handed  to  me 
last  September.  Martin’s  Falls  is  a  station  on  Albany  river, 
thirty  miles  below  Gloucester,  which  is  marked  in  the  maps. 
Having  no  sextant,  I  am  unable  to  give  the  exact  latitude.t 
Our  geological  position  is  upon  the  confines  of  the  great  basin 
of  James’  Bay,  an  immense  extension  of  the  older  calcareous 
strata.  Between  the  falls  and  the  coast  the  bed  of  the  river 
is  composed  of  limestones  and  elays,  both  containing  extinct 
genera  of  shells ;  while  above,  towards  the  interior,  little  is  to 
be  seen  but  gneiss  and  greenstone  schist,  with  a  mixture  here 
and  there  of  less  fissile  granitic  rocks.  The  fossils  which  I 
have  been  able  to  procure  in  this  neighbourhood  are  princi¬ 
pally  spirifers,  producta,  terebratula,  and  impressions  of  trilo- 
bites.  Although  in  winter  we  have  the  cold  of  Russia,  in  the 
months  of  July  and  August  we  enjoy  the  climate  of  Germany 
and  the  north  of  France. 

*  Since  this  explanation  occurred  to  mo,  I  find  that  M.  Arj^o  had  ad¬ 
verted  to  the  glare  of  the  snow  as  a  reason  of  the  apparently  greater  inten¬ 
sity  of  solar  radiation  in  high  latitudes,  in  his  criticism  on  Mr  Danicll’s 
Meteorological  Essays, 
t  About  Lat.  5r  30'  N. ;  Long.  86^  20'  W. 
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r>ccember,j  Our  dead  (We  are  frequently  visited  by  the  Wliitc  Owl  or 
January,  >  winter  <  Harfang  from  tlic  Bay,  but  the  Hawk-owl  is  our 
February,  )  mouths,  t  most  common  bird  of  prey.  Besides  our  three 
indigenous  species  of  grouse  {Telrao  umhellus.  Canadensis,  and  Phasianel- 
lus),we  have  the  Willow  Grouse,  or  White  Bird  as  it  is  called,  (  T.  saliceti, 
Tcmm.  T,  albus,  Auct.)  from  the  northward. 

March.  Martens  pair  and  soon  afterwards  rabbits  {Lepus  Americanus). 

15.  In  the  middle  of  the  month  the  snow  often  melts  in  the  height 

of  the  day,  and  by  the  20th  a  Snow-bird  may  be  seen  if  the  sea¬ 
son  be  early. 

20.  Tops  of  the  higher  grasses  appear.  A  few  brown  feathers  ap¬ 
pear  on  the  necks  of  some  Willow-birds  {^Telrao  albus).  They 
now  leave  us. 

April.  There  is  a  slight  crust  on  the  snow,  from  the  thaw  of  the  day  and 
the  frost  of  the  night.  When  the  weather  is  mild  and  the  sun 
shines,  a  few  insects  appear. 

8.  Two  species  of  Perla  and  one  of  Nemoura  come  up  through  the 
crevices  of  the  ice  and  the  porous  snow,  and  all  proceed  in  di¬ 
rect  course  for  the  nearest  bank. 

10.  The  cold  renders  them  too  weak  to  fly,  though'most  of  them  have 
got  rid  of  their  nymph  spoil  before  emerging  from  the  ice. 

16.  Snow-birds  have  become  plentiful,  and  are  now  joined  by  another 

Bunting  with  black  head  (Emberiza  Lapponica  ?)  and  the  Yel¬ 
low-breasted  Lark  {^Alauda  alpestris). 

20.  The  Flesh-fly  still  scarce.  The  small  Owl  (Scops)  calls  in  the  warm 
nights.  The  common  Woodpecker  (PicuspiVea<u»)  drums  on 
the  hollow  trees. 

22.  The  Grey  Goose  of  Canada  and  Stock  Ducks  sometimes  appear, 
but  are  frequently  forced  to  return  to  the  southward  by  a 
northerly  blast  and  want  of  water. 

25.  A  few  spots  of  ground  bare. 

28.  The  American  Robin  (a  species  cf  Thrush,  with  red  breast)  and  the 
Cattle  Blackbird  (Xanthoniis,  with  yellow  ej'c)  are  now  arriving, 
and  pick  up  the  benumbed  grubs  and  caterpillars.  Goshawks 
arrive. 

May.  Ground  getting  barer;  snow  melting  rapidly. 

5.  Wild-geese  and  Ducks  passing  to  the  northward.  Hawks  still  ar¬ 
riving. 

10.  Every  fine  day  brings  an  accession  to  the  small  bush  birds, — Mus- 
cicapse,  Motacillse,  &c.  Food  for  these  is  still  scarce,  and  they 
^  approach  the  houses  in  quest  of  the  Dipterm  which  rise  from  the 
manure  and  rich  earth  around  the  place.  Snow-birds  have  left 
us.  Ermines  and  Rabbits  become  altogether  brown.  The  ice 
is  now  shingly  and  dangerous.  Strong  cunents  and  rapids 
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open  everywhere.  Wavies,  as  they  are  called  (Snow  Geese), 
and  Barnacles  passing  in  large  flocks  for  the  bay.  No  weather 
May.  now  stops  them. 

12.  The  Northern  Diver  or  large  Loon  and  black  Ducks  {jitgra,  fusca, 
jerspicillata)  are  still  scarce,  but  are  sometimes  seen.  The  buds 
of  Poplar,  Aspen,  and  of  various  Willows,  swell.  On  the  latter 
may  be  found  a  few  of  the  earliest  Tenthredines.  The  tender 
bud  is  the  nursery  of  their  larva;.  Two  species  of  Butterfly 
{Vanessa  and  Argynnis)  sport  over  the  ice  and  snow,  when 
these  arc  not  gone. 

15.  The  larger  rivers  break  up.  Fish  ascend  the  sm.all  streams.  Tlie 

Jack  fish  and  Perch  {Luciopcrca)  spawn.  The  Suckers  or 
Carp  soon  follow.  Trout  take  the  bait  greedily.  The  ClifT- 
Swallow  is  seen.  Swamps  and  stagnant  pools  are  thawed.  A 
frogm.aybc  heard  attempting  to  croak:  A  Musquito  {Culex) 
felt  to  bite. 

20.  Shells  {Limncei)  begin  to  move  in  the  pools  along  the  river. 
Snails  {Limax,  Helix,  Bulimus,  &e.)  remove  from  under  stones 
and  fallen  timber.  The  end  of  the  month  discloses  some  spe¬ 
cies  of  Moths  {NoetualUes'). 

25.  Our  only  Goatsucker  (the  white  patched  wing)  .'vnd  the  Ground 
Woodpecker  (/’ic«.yaMra/«s),  the  last  of  our  spring  birds,  arrive. 
Beavers,  Otters,  and  Musks,  have  their  young.  In  late  seasons, 
the  lakes  to  the  northward  break  up. 

20.  The  Poplar  and  Aspen  leaves  expand.  The  Rein-Deer,  or  Grey 
Deer  of  Hudson’s  Bay,  has  young. 

June.  Sturgeon  begin  to  frequent  the  Falls  and  Rapids,  .and  to  spawn. 

6.  Insects  on  warm  days  arc  busy,  the  Tenthredenitse  on  the  bushes, 
the  Sphingidcs,  Andrencta?,  and  Pangonioe,  on  the  ground,  all 
attended  by  a  great  variety  of  parasite  ichneumons.  The  first 
flowers  blow,  and  those  of  the  Willow  arc  surrounded  by  Syl- 
pliidcs  and  Flower  Flies  {Anthomoycc.) 

10.  A  night  of  frost  will  still  sometimes  intervene,  and  in  the  woods 
the  ground  is  still  solidly  frozen  at  a  foot  from  (he  surface.  Ve¬ 
getation  nevertheless  still  goes  forw.ard.  Gnats  become  a  tor¬ 
ment,  the  swamps  and  puddles  swarm  with  their  larva;.  Small 
Tadpoles  abound  in  the  pools. 

12.  The  country  is  now  covered  with  verdure.  Birds  are  nestling. 
Geese  and  Ducks  hatching.  Indians  generally  occupied  with 
the  Sturgeon  fishery. 

16.  The  latest  shrubs  have  leaves,  and  the  majorit}’  of  Moths  and  But¬ 

terflies  arc  disclosing  themselves.  The  large  species  of  Ephe¬ 
mera,  Pcrla;,  and  Phryganca;  issue  from  the  water. 

20.  Trout  take  the  fly-hook.  White  fish  rise  to  the  surface.  Cattle 
seek  the  houses  to  get  rid  of  their  tormentors  the  Tab.ani.  In 
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dry  seasons  the  creeks  become  low,  although  the  large  rivers  re¬ 
tain  their  strength. 

July.  Our  warmest  month.  Tlic  river  usually  gets  low.  Sturgeon  fish¬ 
ing  continues.  Cattle  arc  lean,  feeding  only  at  night,  tormented 
by  flics  during  the  day. 

10.  Many  genera  of  Colcoptcra  appear,  some  of  them  peculiar  (if  I  may 
say  so)  to  wanner  climes.  We  have  Cicindel®,  Necrophori, 
many  Buprestes,  and  a  species  allied  to  Lucanus. 

20.  Of  those  whose  larvro  live  on  wood,  the  Serropalpus,  a  very  fine 
Dorcaccrus,  Ccrambyx,  Callidium,  Lamia,  and  numerous  species 
of  Lcpturct®.  Neuroptera  are  abundant  on  the  banks  of  the 
river — Libellul®,  Agrion,  &c.,  and  on  the  leaves,  Hemerobius^ 
Panorpes,  Sialis ; — in  the  other  orders  there  are  also  many  gene¬ 
ra  to  keep  up  the  character  of  the  month.  It  ends  with  bring¬ 
ing  us  strawberries,  which  have  been  hitherto  scarce,  and  in 
sending  oS"  the  Sturgeon,  which  return  to  the  depths. 

Aug.  The  Raspberry  begins  to  ripen.  Young  Ducks  are  well  feathered. 
We  have  sultry  weather  for  a  few  days,  and  then  thunderstorms 
with  chilly  nights. 

10.  Pigeons  are  numerous.  Young  Geese  can  flj’.  Gnats  decrease, 
but  Sandflies  {Similiitm)  supply  their  place. 

15.  The  Raspberry  and  red  and  black  Currants  ripen.  Grasshoppers 
are  full  grown.  Trout  move  about,  ascending  the  river.  Stur¬ 
geon  arc  very  scarce.  Grass  becomes  brown  in  dry  situations. 

20.  The  noisy  Yellow'  Leg  {Totanus)  appears,  and  if  we  have  much 
rain  we  are  visited  by  a  species  of  Snipe.  The  Golden  and 
Ring  Plovers  arc  not  uncommon. 

Sept.  The  air  generally  is  cooler,  the  winds  stronger,  and  frosty  nights 
may  be  expected. 

10.  Trout  spawn.  Insectivorous  birds  of  many  kinds  leave  us.  The 
Migratory  Pigeon,  so  frequently  seen  during  Aug-ust,  disappears. 
Hawks  and  the  large  Yellow  Horned  Owl  (^Slrix  Virginiand)  are 
common.  Frosts  frequent  at  night. 

1.5.  Tops  of  potatoes  always  blackened.  Caterpillars  nearly  all  cased. 
Trout  refuse  the  fly-hook,  but  still  take  the  bait.  They  are  now 
poor  fish.  Grey  Geese  begin  to  pass  to  tbe  southward.  Ducks 
abound  in  the  grassy  lakes.  Leaves  turning  rapidly  yellow. 

20.  Pleasant  weather  in  the  middle  of  tbe  day,  but  cold  at  night. 
The  Fall  Moth  {^Phaleena  autumnalis)  is  now  to  be  seen.  Sand¬ 
flies  bite  only  in  the  height  of  the  warmer  days.  The  Mus- 
quito  is  utterly  defunct.  Diving  Ducks  common,  the  others 

"  gone. 

Oct.  Pools  and  swamps  crusted  with  ice.  White  fish  begin  to  spawn. 

5.  Suckers  and  Trout  desert  the  small  streams.  Foliage  is  yellow, 
and  falls.  Rutting  season  of  Deer.  Instead  of  rain  WO  have 
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snow,  which,  however,  generally  melts,  the  earth  being  warmer 

Oet.  on  the  surface  than  the  atmosphere. 

10.  A  single  blast  of  northerly  wind  will  suffice  to  bare  the  trees,  strip 
the  shrubs,  and  send  all  water-fowl  to  the  south.  The  last  of 
these  arc  the  weak  or  lingering  flocks  of  Snow-Geese  or  Wai- 
wai-duck,  which  may  frequently  be  observed  passing.  They  sel¬ 
dom  alight  except  when  met  by  adverse  winds. 

20.  The  small  lakes  and  rivers  sometimes  fast,  that  is,  frozen.  Tulli- 
bee  {^Coregonns)  spawns.  Animals  get  well  furred.  The  Wil¬ 
low  Grouse  arrives  from  the  north.  There  is  usually  a  little 
snow  on  tlm  ground,  and  the  American  Hare,  as  also  the  Er¬ 
mine,  arc  changing  colour. 

Nov.  The  ground  covered  with  snow,  which  in  mild  weather  is  often 
blackened  by  a  species  of  Podura,  like  a  grain  of  gunpowder. 

10.  I  have  also  frequently  observed  crawling  about  at  this  time  and 
later,  a  species  of  Tipula.  It  is  wingless,  and  1  have  named  it 
Chionea  hiemalis.  Can  it  be  this  insect  which  gives  rise  to  the 
idea  of  Spider  rains  } 

20.  Large  rivers,  as  well  as  the  lakes,  arc  often  solidly  frozen,  strong 
rapids  filling  up,  and  setting  fast.  Rabbits  and  Ermines  arc  en¬ 
tirely  white,  the  swamps  are  passable,  and  winter  may  be  deemed 
to  have  set  fairly  in. 

Geo.  Barnston. 

Martins  Falls,  10/A  June  1840. 


On  the  Evaporative  Power  of  different  kinds  ofCoaL*  By  An¬ 
drew  Fyfe,  M.D.,  F.R.S.E.,  President  of  the  Society  of 
Arts  for  Scotland.  Communicated  by  that  Society. 

The  experiments,  the  results  of  which  I  am  now  to  bring 
before  the  Society,  were  undertaken  with  the  view  of  ascer¬ 
taining  the  comparative  evaporative  power  of  different  kinds  of 
coal.  Of  course,  in  this  investigation,  my  attention  has  been 
directed  solely  to  the  power  of  the  fuels  in  raising  steam,  with 
the  view  of  testing  their  comparative  value  for  steam-engines. 

This  subject  has  lately  engaged  much  of  the  attention  both 
of  scientific  men  and  of  practical  engineers,  and  much  va¬ 
luable  information  has  been  communicated  regarding  it. 

*  Bead  before  the  Society  of  Arts  for  Scotland  8th  February  1841,  and  or¬ 
dered  to  be  printed  in  its  Transactions. 
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Much,  however,  yet  remains  to  be  done  ;  and  now,  when  owing 
to  the  rapid  increase  of  steam-machinery  the  demand  for  fuel 
is  so  greatly  increased,  it  becomes  the  duty  of  all  who  can  add 
to  tlie  sum  of  our  information,  to  make  public  the  result  of 
any  experiments  they  have  made  on  this  important  subject 
Very  different  opinions  have  been,  and  are  still,  entertained 
regarding  the  source  of  heat  during  combustion,  and  of  the 
power  of  different  inflammables  for  evolving  heat.  The  re¬ 
cent  experiments  of  Despretz  on  this  subject  are  perhaps  the 
most  important,  as  tending  to  the  deduction  of  a  law  by 
which,  if  correct,  we  shall  be  enabled  to  calculate  with  accu¬ 
racy  the  amount  of  heat  evolved  by  different  combustibles. 
From  his  numerous  experiments,  Despretz  has  drawn  the  con¬ 
clusion,  that  the  heat  disengaged  during  combustion  is  in  pro¬ 
portion  to  the  quantity  of  oxygen  with  which  the  combustible 
unites.  Thus  applying  this  rule  to  hydrogen,  carbon,  alcohol, 
and  ether,  and  taking  the  quantity  of  water  raised  from  32°  to 
212°  as  the  means  of  measuring  the  comparative  amount  of 
heat  disengaged,  he  found  by  experiment  that  the  quantity  of 
water  brought  to  the  boiling  point  by  the  union  of 


1  lb.  of  oxygen 

with  hydrogen,  was 

2£tJ  lb. 

Do. 

with  carbon,  was  . 

29 

Do. 

with  ether,  was 

28^ 

Do. 

with  alcohol,  was 

.  28 

results  so  very  nearly  agreeing  with  each  other,  that,  keeping 
in  view  the  unavoidable  sources  of  error  in  all  experiments  of 
this  kind,  we  may  consider  the  quantity  the  same  in  all.  The 
average  of  the  above  trials  is  28  J.  Hence,  Avhen  one  pound  of 
oxygen  enters  into  union  wdth  any  inflammable,  heat  is 
evolved,  which,  according  to  Despretz,  is  sufficient  to  raise 
28|  lb.  of  water  from  the  freezing  to  the  boiling  point  It  may 
be  stated  in  round  numbers  as  29  lb.  We  have  thus,  then,  a 
method  of  procuring  a  standard  for  the  amount  of  heat  disen¬ 
gaged  during  combustion.  Thus  1  of  carbon  unites  with  2.66 
of  oxygen,  and  2.66  x  29  =  77.14,  so  that,  by  this  process  of 
calculation,  1  lb.  of  carbon  ought  to  raise  77.14  lb.  of  water 
from  32°  to  212°.  This  is  rather  below  what  is  stated  by  Desp¬ 
retz.  He  has  fixed  it  at  78.15. 

Different  statements  have  been  given  of  the  quantity  of  ca- 
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loric  received  by  water  during  its  conversion  into  steam,  in 
other  words,  of  the  latent  heat  of  steam.  If  we  suppose,  as 
has  been  stated  by  Lardner  and  others,  that  it  requires  5^ 
times  as  long  to  evaporate  water  that  it  does  to  raise  it  from 
the  freezing  to  the  boiling  point,  then  the  latent  heat  will 
amount  to  990.  But  others  have  made  it  lower  than  this.  Ac¬ 
cording  to  Despretz  it  is  only  955.8.  Assuming  this  as  cor¬ 
rect,  then  in  steam  the  total  number  of  degrees  of  tempera¬ 
ture  beyond  32  is  (180  +  955.8)  1135.8 — say  1136.  Hence 
if  11b.  of  carbon  will  raise  78.151b.,  as  stated  by  Despretz, 
from  32  to  212,  it  will  evaporate  12.31b.  from  32 — and  this  is 
the  quantity  fixed  on  by  him. 

It  is  well  known  that  the  different  substances  used  as  fuel 
consist,  in  their  original  state,  chiefly  of  carbon  and  of  hydro¬ 
gen,  in  addition  to  which  there  is  generally  a  minute  quantity 
of  oxygen  and  of  nitrogen,  and  there  is  always  a  portion  of 
earthy  and  metallic  matter,  constituting  the  ashes.  The  only 
one  of  these  which,  in  addition  to  the  carbon,  will  evolve  heat 
during  the  combustion,  is  the  hydrogen.  Now  1  of  hydrogen 
combines  with  8  of  oxygen,  or  exactly  three  times  as  much  as 
carbon  requires.  1  lb.  of  hydrogen  will  therefore  evaporate 
37  lb.  of  water  from  32. 

It  is  evident  from  this,  that  if  we  know  the  composition  of 
the  fuel,  we  can  calculate  the  evaporative  power  by  knowing 
the  quantity  of  oxygen  necessary  for  converting  the  carbon 
and  hydrogen  into  carbonic  acid  and  water.  Of  course,  the 
greater  the  proportion  of  hydrogen,  the  gi*eater  ought  the  eva¬ 
porative  power  to  be.  If  the  fuel  contain  nitrogen,  a  part  of 
the  hydrogen  must  be  deducted  from  the  whole  quantity,  be¬ 
cause  the  nitrogen  will  unite  with  it  to  form  ammonia  ;  and, 
again,  if  oxygen  exist  in  the  fuel,  the  hydrogen  which  is  re¬ 
quisite  to  convert  that  oxygen  into  water  must  also  be  de¬ 
ducted,  and,  accordingly,  in  addition  to  the  carbon,  it  is  only 
the  hydrogen  over  and  above  w  hat  is  required  for  uniting  with 
the  nitrogen  and  oxygen,  that  are  to  evolve  heat  by  the  com¬ 
bustion. 

The  most  recent  account  of  the  analysis  of  various  kinds 
of  coal,  is  that  published  by  Mr  Richardson  in  the  Trans,  of 
the  Nat.  History  Society  of  Newcastle,  and  also  in  the  Lend. 
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and  Ed.  Phil.  Mag.  for  August  1838.  From  his  experiments 
he  has  given  the  composition  of  the  coal,  and  the  quantity  of 
oxygen  necessary  for  the  combustion.  The  following  table 
shews  the  results,  dividing  the  coals  into  four  classes,  as  men¬ 
tioned  by  Dr  Thomson. 


1 

i 

5  CoiJ. 

e 

1 

Locality. 

Carbon, 

Hydro. 

ffcn. 

Oxyjfin 

and 

Azote. 

Ashes. 

Oxygen 
retjuired 
for  com¬ 
bustion 
of  100 
Parts. 

Heat 
evolved 
by  the 
same 
weight 
Edin.  100. 

Heat  1 
iriven  nut  i 
by  Oie  1 
same  Tol.  I 
Edin.  100.  i 

I  Cannel, 

j  Splint, 

j  Cherry, 
»  — 

!  ('aking, 

i  _ 

1 

Edinburgh, 

Lancashire, 

Wylam, 

Glasgow, 

Newcastle, 

Glasgow, 

Newcastle, 

Durham, 

67.597 

83.573 

74.823 

82.724 

84.846 

81204 

87.952 

83.274 

5.405 

5.660 

6.180 

5.491 

5.048 

5.452 

5.239 

5.171 

12.432 

8.039 

6.08i3 

10.457 

8.430 

11.923 

5.416 

9.036 

14.566 

2.548 

13.712 

1.128 

1.676 

1.421 

1.393 

2.619 

217.6 

256.6 
240.1 
250.5 
253.9 
244.0 

266.7 
2502 

100. 

117.83 

110.34 

115.12 
116.68 

112.12 
122.56 
114.98 

100. 

117S1 

108.99 

114.15 

112.07 

107.78  1 

119.03 

111.31 

From  this  table  it  appears  that  there  is  not  much  differ¬ 
ence  in  the  heat  evolved  by  the  perfect  combustion  of  the  va¬ 
rieties  of  coal  mentioned  ;  assuming  that  the  heat  is  in  the 
ratio  of  the  oxygen  consumed,  thus  leaving  out  the  cannel 
coal,  which  is  not  used  for  steam-engines,  and  also  the  Wy- 
lani,  which  is  not  now  in  the  market,  the  extremes  are 
122.56,  and  112.12  ;  that  is,  as  100  to  109.3.  Or,  taking  the 
average  of  the  two  samples  of  Scotch  coal  and  that  of  the 
English,  it  is  as  100  and  109.6.  These  numbers  may  there¬ 
fore  be  considered  as  representing,  the  former  the  Scotch,  and 
the  latter  the  English,  caking  coal.* 

The  analysis  of  organic  matter,  such  as  that  used  for  fuel^ 
requires  a  great  deal  of  nicety  in  the  manipulation ;  it  has 
therefore  been  proposed  to  adopt  a  simpler  method  for  ai’riving 
at  the  quantity  of  oxygen  necessary  for  the  combustion,  than 
by  ascertaining  the  proportions  of  the  ingredients.  A  very 
ingenious  method  of  doing  so  has  been  recommended  by  Ber- 
thier,  founded  on  the  decomposition  of  metallic  oxides  by  in¬ 
flammable  matter.  It  is  well  known  that  Avhen  these  oxides 
are  heated  with  carbon,  carbonic  acid  is  expelled,  and  the 

*  Higher  results  than  that  given  above  have  been  obtained  by  others ;  but 
I  wish  those  stated  to  be  considered  as  applying  merely  to  the  coals  used  ; 
though,  I  believe,  they  will  be  found  as  very  nearly  the  average  compara¬ 
tive  power  of  Scotch  and  English  coal. 
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metal  is  reduced,  and  the  same  also  occurs  when  hydrogen  is 
passed  over  the  oxide  previously  heated.  Now  when  coal  is 
exposed  to  heat  along  with  an  oxide,  both  the  carbon  and 
hydrogen  unite  with  the  oxygen,  and  metal  is  set  free.  If 
therefore  we  previously  knew  the  composition  of  the  oxide, 
and  after  heating  it  with  the  combustible,  we  can  ascertain  the 
weight  of  the  metal  produced,  w'C  of  course  know  the  quan¬ 
tity  of  oxygen  which  that  metal  has  yielded  to  the  combus¬ 
tible.  By  far  the  best  oxide  for  that  purpose  is  litharge,  be- 
i  cause  it  parts  with  its  oxygen  easily,  while  both  the  metal 

set  free  and  the  excess  of  oxide  used  are  melted,  and  dnring 
the  subsequent  cooling  and  congelation  the  heavy  metal  falls  to 
the  bottom  of  the  vessel,  and  when  solid  can  be  easily  re¬ 
moved  from  the  oxide  and  weighed.  For  the  necessary  pre¬ 
cautions  in  conducting  this  process,  the  reader  is  referred  to 
Berthier’s  Traite  des  essais  par  la  voie  seche. 

As  carbon  requires  2.66  of  oxygen  for  complete  combustion, 
it  will  set  free  34.66  of  metallic  lead  from  litharge.  Now  1  of 
carbon  will  boil  off  12.3  of  water  ;  accordingly  a  fuel  which, 
when  heated  with  litharge,  yields  34.GG  times  its  weight  of 
lead,  ought  to  evaporate  12.3  times  its  weight  of  water  from 
32,  provided  the’  combustion  is  perfect,  and  provided  also  the 
whole  of  the  heat  evolved  by  the  combustion  is  absorbed  by 
the  water.  Should  the  quantity  of  lead  be  greater  or  smaller, 
then  the  evaporative  power  of  the  coal  will  be  proportionably 
greater  or  less.  It  is  well  known,  however,  that  in  burning  fuel 
the  combustion  is  rarely,  if  ever,  perfect,  and  it  never  happens 
that  the  whole  of  the  heat  dissolved  is  taken  up  by  the  water ; 
as  to  the  latter,  there  always  is,  indeed,  in  the  common  u  ay  of 
consuming  fuel,  there  must  be,  a  waste,  which  is  necessary  to 
keep  up  the  draught ;  but  in  addition  to  this,  much  of  the  heat 
must  also  be  lost  by  the  ascending  current  of  air,  which  in 
some  furnaces  is  excessive,  and  of  couree  the  waste  is  enor¬ 
mous,  frequently  amounting  to  one-third,  sometimes  to  one- 
half  of  that  evolved.  With  regard  to  the  imperfect  combus¬ 
tion,  much  must  depend  on  the  nature  of  the  fuel,  and  on  the 
particular  construction  of  the  furnaces.  Thus,  when  the  fuel 
in  common  use  is  heated,  it  gives  off  gaseous  inflammable  mat¬ 
ter,  which,  if  it  bo  brought  in  contact  with  air  at  the  requisite 
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temperature,  will  be  inflamed  ;  but  if  air  be  not  present,  or  if 
there  be  a  deficiency  of  it,  then  the  greater  part  of  the  gas  will 
escape  without  undergoing  combustion,  and  hence  the  waste 
which,  it  may  be  said,  occurs  in  every  furnace  constructed  in 
the  usual  way.  It  has  been  supposed  by  some,  that  the  com¬ 
bustion  is  perfect  where  there  is  no  smoke,  but  this  is  by  no 
means  a  proof  that  the  whole  of  the  inflammable  is  con¬ 
sumed  ;  a  part  of  the  gaseous  matter  may  be  escaping  in  the 
state  of  hydro-carbon,  or  of  carbonic  oxide,  without  undergo¬ 
ing  any  action,  and  if  so,  it  is  just  so  much  fuel  wasted.  It  is 
evident,  then,  that  the  practical  evaporative  power  must  de¬ 
pend  very  much  on  the  manner  in  which  the  combustion  is 
effected,  and  also  on  the  peculiar  constitution  of  the  coal ; 
even  when  the  combustion  is  as  perfect  as  we  can  expect,  still 
there  may  be  a  loss  of  heat  from  the  generation  of  the  gaseous 
materials  ;  for  when  the  carbon  and  hydrogen  arc  evolved  as 
hydro-carbons,  they  must  absorb  caloric  to  enable  them  to  as¬ 
sume  the  gaseous  form.  Though  we  should  naturally  expect, 
therefore,  that  the  heat  evolved  by  those  coals  which  contain 
much  hydrogen  should  be  greater  than  when  little  of  it  is  pre¬ 
sent,  this  is  not  always  the  case  ;  indeed  we  shall  find  that  the 
practical  evaporative  power  is  greatest  when  the  fuel  contains 
a  great  deal  of  fixed  carbon  ;  for  wlien  the  carbon  is  in  that 
state,  it  must,  before  it  can  escape,  combine  with  oxygen  and 
thus  be  consumed,  whereas,  as  already  mentioned,  the  hydro¬ 
carbons  may  partly  fly  off  without  being  burned. 

From  what  hits  been  said  it  is  evident  that  the  method 
proposed  by  Berthier  is  well  adapted  for  ascertaining  with 
case  the  amount  of  heat  that  ought  to  be  evolved  by  the  com¬ 
bustion  of  a  fuel ;  yet  it  does  not  indicate  the  available  heat, 
in  other  words,  what  may  be  called  the  evaporative  power  in 
practice.  The  only  method,  I  conceive,  by  which  this  can  be 
done,  is  by  actual  combustion  in  properly  constructed  fur¬ 
naces,  and  by  measuring  the  quantity  of  water  that  is  evapo¬ 
rated  by  the  use  of  a  given  Aveight  of  the  fuel,  and  Ave  can 
then  compare  this  Avith  the  quantity  Avhich  carbon  Avill  evapo¬ 
rate,  and  Avhich,  as  already  stated,  is,  according  to  Despretz, 
12.3  times  its  OAvn  Aveight  from  the  temperature  of  32. 

I  am  aAvarc  that  to  this  method  the  objection  may  be  urged, 
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that  as  our  furnaces  are  never  so  constructed  as  to  effect  com¬ 
plete  eombustion,  and  that  as  the  combustion  varies  very 
much  in  different  furnaces,  the  results  ought  not  to  be  relied 
on.  Now  this  is  undoubtedly  so  far  a  valid  objection  ;  but  if 
our  trials  are  conducted  with  what  Avill  be  allowed  to  be  a 
furnace  constructed  on  proper  principles,  and  if  the  trials  arc 
made  on  the  different  fuels,  making  such  adjustments  and 
alterations  as  may  be  requisite  for  the  fuel  under  use,  then 
the  results,  though  they  do  not  give  what  ought  to  take  place, 
yet  give  the  comparative  evaporative  power  in  practice,  and 
in  this  respect  become  extremely  valuable,  as  pointing  out  the 
kind  of  fuel  that  is  most  beneficial  for  the  purposes  required. 

From  the  opportunities  I  have  had  of  testing  different  fuels 
in  this  way,  both  on  a  large  and  on  a  small  scale,  I  trust  the 
results  will  be  found  of  sufficient  importance  to  I’equirc  no 
apology  for  my  laying  them  before  the  Society. 

In  the  following  statement  I  shall  give  the  results  by  actual 
trial  in  furnaces,  and  compare  them  with  those  which  ought 
to  be  got  according  to  the  composition  of  the  fuel,  and  also 
according  to  the  method  proposed  by  Berthier. 

In  conducting  the  analysis  of  the  fuel,  I  have  not  thought 
it  necessary  to  ascertain  minutely  the  proportion  of  all  the 
ingredients.  I  have  determined  merely  the  quantity  of  mois¬ 
ture,  of  gaseous  matter  evolved  by  heat,  of  fixed  carbon,  and 
of  ashes  or  incombustible  material ;  and  this  was  done  in  the 
usual  w'ay  by  expelling  the  moisture  by  cautious  application 
of  heat ;  then  driving  off  the  volatile  matter  by  exposure 
to  a  strong  heat,  excluded  from  air;  and  lastly,  heating  in  con¬ 
tact  with  air,  to  burn  off  the  fixed  carbon,  and  thus  to  ascer¬ 
tain  the  proportion  of  it  and  of  the  ashes.  The  combustion 
by  the  process  of  Berthier  was  conducted  with  the  usual  pre¬ 
cautions,  so  as  to  secure  success. 

With  regard  to  the  furnaces  in  which  these  trials  were  made, 
they  were  sometimes  small,  at  other  times  and  most  frequent¬ 
ly  large,  such  as  those  attached  to  a  four  and  ten-horse  en¬ 
gine.  In  carrying  on  the  experiments  with  one  particular 
kind  of  fuel,  I  mean  anthracite,  it  was  necessary  to  have  re¬ 
course  to  a  peculiar  construction  of  furnace,  so  as  not  only 
to  secure  the  complete  combustion  of  the  coal,  but  also  to  try 
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its  power  in  raisin"  steam  rapidly,  wliicli,  it  is  well  known,  is 
necessary  when  the  fuel  is  to  be  used  for  steam-engine  fur¬ 
naces  ;  and  it  is  of  the  utmost  consequence  to  keep  this  in  view  ; 
for  however  great  the  evaporative  power  even  in  practice  may 
be,  that  fuel  is  of  little  value  if  it  cannot  be  burned  so  as  to 
make  it  applicable  for  the  purposes  for  which  fuel  is  generally 
used,  such  as  the  rapid  raising  of  steam,  and  keeping  up  a 
sufficient  supply  for  the  engine. 

The  experiments,  the  results  of  which  I  am  first  to  detail, 
were  made  with  the  view  of  ascertaining  the  comparative 
practical  evaporative  power  of  anthracite  and  of  Scotch  coal. 
They  were  conducted  with  a  furnace  attached  to  a  four-horse 
high-pressure  boiler  ;  the  furnace  bars,  of  which  there  were 
from  12  to  14,  according  to  circumstances,  were  each  3  feet  G 
inches  in  length,  and  in  all  2  feet  4  inches  in  breadth,  including 
the  spaces  between  them,  giving  7  feet  of  fire  surface.  It 
was  at  first  fitted  up  with  flash-flues,  which  were  afterwards 
changed  to  the  common  flue,  18  inches  by  14,  passing  along 
the  boiler  on  one  side,  returning  on  the  other,  and  then  en¬ 
tering  the  chimney.  The  chimney-stalk  w’as22  inches  by  18, 
and  33  feet  in  height,  in  addition  to  which  an  iron  tube  of  a 
foot  in  diameter  and  12  feet  in  height  was  attached,  thus 
making  the  whole  height  45  feet.  To  this  furnace  and  boiler 
there  w'as  attached  an  apparatus  by  which  the  fuel  could,  when 
required,  be  supplied  with  Avarm  air.  It  consisted  of  a  me¬ 
tallic  box  placed  immediately  beyond  the  end  of  .the  bars 
forming  the  floor  of  the  furnace,  from  w’hich  there  proceeded 
tubes  that  passed  through  the  boiler,  and  so  placed  in  it  as  to 
be  surrounded  by  the  Avatcr.  From  these,  after  passing 
through  the  front  of  the  boiler,  a  larger  tube  Avas  transmitted 
to  the  ash-pit.  A  drain  was  carried  from  the  side  of  the  fur¬ 
nace  to  the  box  situate  beyond  the  fire-bars  to  supply  air, 
and  the  ash-pit  w'as  furnished  Avith  a  door  AA'hich  fitted  tight 
so  as  to  prevent  any  current  up  through  it.  By  this  adjust¬ 
ment,  Avhen  the  ash-pit  door  aa'us  shut,  the  air  for  combustion 
A^as  supplied  through  the  box,  heated  to  a  considerable  de¬ 
gree,  and  after  passing  through  the  tubes  in  the  boiler,  then 
proceeded  to  the  ash-pit,  and  rushing  up  through  the  fuel 
kept  up  the  combustion.  By  apertures  left  for  the  purpose 
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and  supplied  with  plugs,  the  temperature  of  the  air  passing 
into  the  ash-pit  was  ascertained. 

The  apparatus  just  described  is  that  patented  by  Mr  Bell, 
with  the  view  of  increasing  the  heating  surface  exposed  to 
the  water  in  the  boiler,  and  thus  increasing  the  amount  of 
evaporation.  I  do  not,  however,  bring  the  experiments  for¬ 
ward  with  the  intention  of  proving  the  efficacy  of  this  patent. 
It  is  not  at  all  my  intention  to  enter  into  its  merits.  I  had  re¬ 
course  to  this  apparatus,  merely  as  a  means  of  enabling  me 
to  burn  the  anthracite,  so  as  to  make  it  subservient  for  the 
purpose  of  raising  steam,  and  of  keeping  up  the  supply ;  and 
til  us  also  to  enable  me  to  compare  its  practical  evaporative 
power  with  that  of  bituminous  coal. 

The  mode  of  conducting  the  experiments  was  as  follows  : — 
One  person  was  intrusted  with  the  weighing  of  the  coals,  the 
weighing  being  at  the  same  time  cheeked  by  another.  To 
another  was  intrusted  the  measuring  of  the  water  supplied  to 
the  boiler.  This  was  done  by  measuring  it  by  a  four-gallon 
measure  into  a  vessel,  in  which  was  the  mouth  of  the  pipe  con¬ 
nected  with  the  force-pump  by  which  the  water  was  forced 
into  the  boiler.  The  water  was  in  all  of  the  experiments  at 
the  temperature  of  45^  The  height  of  the  water  in  the  boiler 
was  known  by  a  Goat  connected  with  a  wheel  and  index, 
which  moved  easily  as  the  fluid  rose  and  fell.  This  index  was 
always  brought  to  the  same  point  at  the  commencement  and 
termination  of  the  trial ;  and,  accordingly,  the  water  in  the 
boiler  was  always  at  the  same  height  at  these  periods.  Before 
beginning,  the  lire  was  examined  a  considerable  time  after 
the  stoking,  and  adjusted  to  the  proper  height,  and  it  was 
brought  as  nearly  as  possible  to  the  same  state  at  the  termina¬ 
tion.  In  this  way  there  was  a  constant  quantity  in  the  fur¬ 
nace  at  the  commencement  and  termination,  and  accordingly 
it  was  only  that  which  was  supplied  during  the  continuance  of 
the  trial  that  was  considered  as  the  fuel  consumed. 

I  am  aware  that  objections  may  be  made  to  this  mode  of 
ascertaining  the  quantity  of  fuel  used,  as  it  is  difficult  to  bring 
the  fire  exactly  to  the  same  state  at  the  dilFercnt  periods  men¬ 
tioned.  This  objection,  I  allow,  would  apply,  were  the  trials 
of  short  duration  ;  but  in  a  six  or  eight  hours’  trial,  any  slight 
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difference  in  the  state  of  the  fire  must  make  a  very  trifling 
difference  in  the  total  result,  where  the  quantity  of  fuel  em¬ 
ployed  amounts  to  several  hundredweight. 

Scotch  Coed. — 1  conceive  it  unnecessary  to  give  the  result 
of  the  numerous  trials  made  with  this  fuel.  They,  in  general, 
come  very  near  to  each  other.  I  give  the  particulars  of  one 
only,  which  was  conducted  with  great  care,  and  in  the  result 
of  which  the  utmost  confidence  may  be  placed.  The  coal  used 
was  from  Middlerig,  and  is  considered  of  good  quality. 


1  Time. 

Fuel. 

Water  Evuporat- 
ea  in  Gallons. 

Temiieraturc  of  Air 
thrown  into  Ash-Pit. 

Cinders  in  1 
Ash-Pit.  1 

tl. 

M. 

1 

10 

35 

1 

1 

35 

112  lb. 

C4 

415  at  11 

1 

11 

35 

I 

12 

55 

112 

C8 

1 

12 

55 

1 

1  2 

112 

C8 

410  at  1.30 

1 

1  2 

1 

3 

5 

112 

C8 

1 

1  3 

5 

350  at  3.30 

1 

4 

25 

112 

80 

! 

4 

25 

1 

1  ^ 

25 

112 

C8 

I 

1  5 

25 

1 

1  7 

35 

112 

72 

300  at  C.15 

1 

1  ® 

784 

488 

52  lb. 

In  this  trial  the  furnace  was  supplied  with  the  cwt.  of  coal 
at  three  different  stokings.  The  pressure  on  the  boiler  was 
17  lb.  beyond  the  atmospheric  pressure. 

The  above  table  shews,  that  784  lb.  of  fuel  were  used,  and 
that  488  gallons,  that  is  4880  lb.  of  Avater  were  evaporated 
from  the  temperature  45°,  thus  giving  a  result  of  G.22  lb.  for 
each  pound  of  coal,  at  17  lb.  pressure. 

On  subjecting  the  coal  used  in  this  trial  to  analysis,  I  found 
it  to  consist  of — 


Moisture, 

7.5 

Volatile  matter, 

.  .  34.5 

Fixed  carbon,  .  . 

.  .  50.5 

Ashes,  .  .  . 

7.5 

100.0 

I  may  here  also  state  the  result  of  another  trial  made  with 
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a  Scotch  coal  got  from  a  different  place,  and  with  another  fur¬ 
nace,  not  fitted  with  the  hot-air  apparatus.  It  was  one  at¬ 
tached  to  a  ten-horse  high-pressure  engine.  This  trial  was 
conducted  in  the  same  way  as  the  former,  and  nearly  at  the 
same  pressure,  due  attention  being  paid  to  the  weighing  of  the 
fuel,  the  state  of  the  fire  at  the  commencement  and  termina¬ 
tion,  and  also  to  the  height  of  the  w'ater  in  the  boiler,  which 
was  ascertained  also  by  a  float  and  index.  Without  giving 
the  particulars,  I  may  merely  mention,  that  the  trial  lasted 
from  eleven  till  four  o’clock.  The  total  quantity  of  coal  used 
was  510  lb.,  and  the  total  amount  of  evaporation  was  3580, 
thus  making  the  result  G.G2  lb.  for  each  pound  of  coal  used. 

In  the  funner  trial  the  water  supplied  to  the  boiler  was  at 
45°,  in  the  latter  the  return-water  from  the  boiler  was  thrown 
into  the  supply  tank,  and  hence  th.e  temperature  was  higher. 
It  was  found  on  an  average  to  be  at  170"’,  which  will  so  far  ac¬ 
count  for  the  greater  amount  of  evaporation. 

In  the  table  given  by  Richardson,  already  referred  to,  th.e 
quantity  of  oxygen  necessary  for  the  combustion  of  the  spe¬ 
cimens  of  Scotch  coal  analysed,  is  247,  which  would  make  the 
evaporative  power  11.3  compared  to  that  of  jnire  carbon  as 
12,3.  By  the  test  with  litharge  as  proposed  by  Berthicr,  I 
found  that  the  greatest  quantity  of  oxygen  required  for  the 
combustion  of  the  fuel  with  which  the  first  trial  above  given 
was  made,  was  205,  which  would  make  its  evaporative  power 
9.48.  But  by  the  furnace  trial  only  G.22  were  evaporated. 

Now  9.48-G.22=3.2G  and  9.48"^:  3.2G  : :  100  :  34.38  ;  with¬ 
out  taking  into  account  the  slight  difference  in  temperature 
between  32^  and  45°,  there  was  therefore  a  loss  of  34,38  per 
cent,  of  the  heat  supposed  to  be  evolved,  provided  the  whole 
of  the  fuel  >vas  consumed  ;  but  in  this  trial  the  cinders  in 
the  ash-pit  amounted  to  52  lb.,  and  deducting  this  from  the 
fuel  used,  there  Avere  only  732  lb.  actually  consumed,  which 
would  make  the  evaporation  amount  to  6.GG,  and  9.48  — G.GG 
=  2.82,  and  9.48  :  2.82  ; ;  100 :  28.97  :  thus  giving  a  loss  of 
28.97  per  eent.  of  the  heat  evolved,  supposing  732  lb.  of  coal 
had  undergone  complete  combustion. 

I  am  aware  that  it  may  be  objected  to  this  trial,  that  as  the 
loss  is  so  groat,  the  ftirnace  must  have  been  very  defective  in 
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its  construction.  I  may  here  state,  however,  tliat  with  the  ex¬ 
ception  of  a  slight  deficiency  in  draught,  the  furnace,  which 
had  from  the  commencement  of  the  experiment  undergone 
numerous  alterations  and  improvements,  was  considered  by 
competent  judges  as  built  on  the  most  approved  principles  ; 
hut  though  there  is  a  vast  loss  of  heat  in  this  instance,  we 
shall  find  that  the  result,  so  far  from  being  a  bad  one,  is  ra¬ 
ther  beyond  what  has  been  stated  by  others.  When  coal  is 
used  for  steam-engines,  of  course  the  quantity  used  must  de¬ 
pend  very  much  on  the  power  of  the  engine,  its  construction, 
and  the  use  to  which  it  is  applied.  It  has  been  stated,  that 
taking  the  average  of  many  trials,  from  10  to  15  lb.  of  coal  are 
required  for  each  horse-power.  Now,  it  is  generally  allowed 
that  for  each  horse-pow'er  a  cubic  foot  of  water  must  be  passed 
olf  in  steam,  the  weight  of  which  is  G.22  lb.  Accordingly, 
taking  the  smallest  quantity  above  given,  then  each  pound  of 
fuel  will  evaporate  6.22  of  water.  It  must  be  allowed,  that 
the  mode  of  testing  the  pow'er  of  a  coal  by  the  quantity  used 
in  reference  to  the  power  of  the  engine,  is  a  very  fallacious  one ; 
at  the  same  time,  however,  as  what  I  have  stated  is  a  practi¬ 
cal  result,  deduced  from  numerous  trials,  I  bring  it  forward  to 
shew,  that  that  obtained  in  my  experiment  is  not,  as  some 
may  at  first  sight  be  inclined  to  suppo.se  it,  below  wliat  usually 
occurs. 

Anthracite. — The  analysis  of  several  specimens  of  Anthra¬ 
cite  is  given  by  Professor  .Johnson  in  the  .Journal  of  the  Frank¬ 
lin  Institute,  Pennsylvania,  of  which  the  following  is  a  tabu¬ 
lar  view : — 


§  Water,  .  .  . 

3.43 

320 

0.00 

2.19 

0.40  1 

i  Vol.itilc  Matter, 

4.08 

1.05 

9.00 

4.23 

5.51  1 

1  Fixed  Carbon, 

87.48 

91.09 

85.34 

92.30 

91.01  1 

J  Ashes,  .  .  . 

5.01 

4.00 

5.00 

1.28 

3.08  1 

1 

100.00 

100.00 

100.00 

100.00 

100.00 1 

Of  12  specimens  analysed  by  Berthier,  the  mean  per  cent- 
age  of  ingredients  was — 
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Volatile  matter,  7.37 

Fixed  Carbon,  79.15 

Ashes,  .  .  13.25 

A  much  more  minute  analysis  of  anthracite  from  Wales  is 
given  by  Dr  Schafhaeutl,  in  a  report  submitted  to  the  Anthra¬ 
cite  Patent  Company.  The  following  is  the  composition  of  two 
samples : — 


Moisture, 

.  00.00 

0.300 

Carbon, 

92.42 

94.100 

Ilytlrogen, 

3.371  Vol. 

2.390  \ 

Vol. 

Oxygen, 

.  1.43  f  matter 

1.330 

matter. 

Nitrogen, 

1.05 1  5.97 

0.1174  ) 

4.0 

Sulphur, 

0.12) 

tr.ico 

Abbes, 

l.Gl 

0932 

100.00 

99.932 

Loss, 

.008 

100.000 

In  these  specimens,  the  quantity  of  volatile  matter  varies 
from  4.31  to  9.6.  It  may  be  stated  to  be  on  an  average  about 
5  per  cent.  The  greatest  amount  of  carbon  is  94.1.  It  is  ge  ¬ 
nerally  allowed,  that  anthracite  contains  on  an  average  about 
92  per  cent. 

The  coal  with  which  my  trials  were  made  was  much  mixed, 
some  parts  being  of  good  quality,  others  containing  an  ad¬ 
mixture  of  impure  coal,  having  a  good  deal  of  iron-pyrites  and 
of  earthy  matter.  In  its  composition  it  resembled  the  speci¬ 
mens  analysed  by  Berthier.  Its  specific  gravity  varied  from 
1303.5  to  1406.6.  To  procure  an  average  sample  for  analy¬ 
sis,  a  considerable  quantity  was  taken  from  the  heap  at  ran¬ 
dom,  which  was  bruised,  and  from  this  a  smaller  quantity  was 
removed  and  then  reduced  to  powder.  This,  on  analysis, 
yielded 


Moisture, 

.  4.5 

Volatile  matter. 

13.3 

Fixed  Carbon, 

71.4 

Ashes, 

10.8 

100.0 

Anthracite  of  good  quality  burns  with  very  little  or  no 
flame,  and  without  smoke.  When  first  thrown  on  the  fire  it 
decrepitates,  and  small  pieces  are  thrown  off  from  it,  which 
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choke  up  the  spaces  between  the  fire  bars,  and  also  the  flues, 
and  in  a  great  measure  prevent  the  combustion  from  going  on. 
Though  it  can  be  burned  in  common  grates,  yet,  unless  con¬ 
sumed  in  some  particular  way,  it  does  not  answer  well  for 
raising  steam,  owing  to  the  slowness  of  the  combustion.  A 
patent  was  lately  taken  out  by  Mr  Player  for  effecting  the  con¬ 
sumption  of  anthracite,  by  previously  heating  the  coal,  by 
making  the  part  of  the  apparatus  containing  the  fuel  to  be 
supplied  to  the  furnace,  pass  through  the  boiler,  by  which 
means  it  derives  heat  from  the  water.  The  method  I  adopted 
was  to  supply  the  coal  with  air  previously  warmed,  which  was 
done  by  making  it  traverse  the  apparatus  already  described, 
and  by  which  the  temperature  was  on  an  average  about  350". 
By  this  contrivance,  the  decrepitation  was  almost  entirely  pre¬ 
vented,  the  combustion  was  rapid,  and  the  steam  was  easily 
kept  up.  I  have  already  mentioned  that  the  anthracite  I  em¬ 
ployed  was  of  inferior  quality ;  it  contained  not  only  a  large 
quantity  of  ash,  but  also  of  volatile  matter,  the  latter  of  which 
made  it  burn  with  flame,  while  the  former,  owing  to  the  in¬ 
tense  heat  generated,  formed  a  tough  slag,  which  adhered 
finnly  to  the  bars,  and  in  a  great  measure  retarded  the  com¬ 
bustion. 

Thetrials  were  conducted  with  the  coal  without  being  picked. 
Numerous  experiments  were  made  with  the  furnace  when  fit¬ 
ted  up  with  the  flash-flues,  but  with  this  the  draft  was  evi¬ 
dently  deficient,  and  the  furnace  was  therefore  taken  down 
and  rebuilt  with  the  returning  flue,  and  an  addition  made  to 
the  chimney  to  bring  it  to  the  height  formerly  mentioned,  by 
which  I  found  that  the  evaporation  was  considerably  increased. 
Being  totally  unacquainted  with  the  burning  of  anthracite,  itwas 
necessary,  before  beginning  to  record  the  results  of  any  trials 
with  accuracy,  to  find  out  the  best  means  of  accomplishing  the 
combustion.  As  good  anthracite  burns  with  little  or  no  flame, 
and  as,  of  course,  there  is  no  bituminous  matter,  which  causes  the 
swelling  of  other  kinds  of  coal,  I  found  that  the  furnace  bars 
must  be  brought  nearer  to  the  bottom  of  the  boiler,  than  when 
Scotch  or  English  caking-coal  is  employed.  In  my  experi- 
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ments  I  had  them  generally  at  the  distance  of  about  8  inches. 
The  fuel  was  in  general  about  4  inches  in  depth,  and  in  stok¬ 
ing  it  was  thrown  as  equally  as  possible  over  the  whole  sur¬ 
face  of  the  fire. 

It  is  unnecessary  to  state  the  result  of  the  numerous  trials 
made  after  having  satisfied  myself  that  I  had  effected  com¬ 
pletely  the  combustion  of  the  fuel.  I  will  confine  my  remarks 
to  one  only,  performed  when  the  furnace  was  in  good  work¬ 
ing  condition,  the  pressure  on  the  boiler  being  17  lb.  It  was 
continued  from  ten  in  the  morning  till  half  after  six  in  the 
evening.  Subjoined  is  a  tabular  view  of  the  working,  which 
will  shew  the  mode  of  proceeding,  and  the  regularity  with 
which  the  fuel  was  supplied,  and  how  the  evaporation  went  on. 


Time  of 
Stoking. 

Fuel  used. 

Water  evaporat¬ 
ed  in  Gallons. 

Temperature  of 
Air  to  Ash-Pit. 

Cinders  in  Ash- 1 
Pit.  j 

Hr?. 

Min. 

1 

10 

0 

240 

10 

30 

1 

11 

0 

11 

30 

112 

88 

12 

0 

12 

30 

1 

0 

1 

30 

112 

88 

2 

0 

220 

2 

30 

.3 

0 

3 

30 

112 

88 

4 

0 

270 

4 

30 

5 

0 

0 

30 

6 

0 

6 

30 

112 

92 

270 

8 

30 

448 

35C 

Average,  250 

40i  lb. 

In  this  trial  the  total  quantity  of  coal  used  was  448  lb.,  and 
the  evaporation  amounted  to  3560  lb. ;  there  were  therefore 
evaporated  7.94  lb.  for  each  pound  of  coal.  The  evaporative 
power  of  this  anthracite,  when  tried  by  the  litharge  test,  was 
found  to  be  10.78,  compared  to  that  of  carbon  as  12.3. 

Now  10.78 -7.94  =  2.84,andl0.78  :  2.24::  100  : 26.34;  there 
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was  therefore  a  loss  of  26.34  per  cent.,  supposing  the  whole  of 
the  coal  thrown  into  the  furnace  were  consumed.  The  coal 
found  in  the  ash-pit  was  40.5  lb.,  thus  making  the  quantity 
actually  consumed  amount  to  407.5,  which  would  make  the 
evaporation  8.73  for  each  pound  of  coal  undergoing  combus¬ 
tion.  The  evaporative  power  of  this  fuel,  it  has  been  already 
stated,  as  tried  by  the  litharge  test,  was  10.78. 

Now  10.78  -  8.73  =  2.05,  and  10.78  :  2.05 :  :100 :19;  there 
was  therefore  a  loss  of  19  per  cent,  of  the  total  heat  evolved, 
supposing  the  407i  1^.  fuel  consumed  to  have  undergone 
complete  combustion.  With  the  Scotch  coal  the  loss  amount¬ 
ed  to  28.97  per  cent. 

So  far  as  I  know,  there  is  only  one  instance  on  record  of 
the  evaporation  produced  by  anthracite,  as  tried  by  actual 
combustion  ;  it  is  that  contained  in  the  report  lately  given  in 
by  Dr  Schafliaeutl  to  the  Anthracite  Company.  It  was  con¬ 
ducted  with  coal  of  good  quality,  and  with  a  furnace  and 
boiler  fitted  up  with  the  patent  apparatus  of  Player,  by  which, 
as  already  stated,  the  fuel  is  gradually  heated  before  it  is 
burned,  and  by  which,  it  is  said,  the  decrepitation  is  pre¬ 
vented,  and  the  eombustion  is  rendered  complete  and  efiective. 
This  eoal  was  on  analysis  found  to  contain  92.42  per  cent, 
of  fixed  carbon,  5.97  of  volatile  matter,  and  only  1.61  of 
ashes.  Its  evaporative  power,  calculated  from  its  composi¬ 
tion,  is  stated  by  Schafhaeutl  to  be  12.3,  or  the  same  as  pure 
carbon.  When  consumed  in  Player’s  furnace,  it  was  found 
that  by  the  combustion  of  372.28  lb.  there  were  evaporated 
3934.3  lb.  of  water,  under  a  pressure  of  13.3  lb.,  thus  giving 
10.56  lb.  for  each  pound  of  coal  actually  consumed,  for  in  this 
result  the  einders  were  deducted.  This  is  much  greater  than 
I  obtained,  but  the  smaller  amount  in  my  trial  is,  I  conceive, 
easily  accounted  for.  The  coal  I  used,  as  tested  by  litharge, 
had  an  evaporative  power  of  10.78,  while  that  used  by  Dr 
Schafhaeutl  was  12.3.  In  my  trial  the  loss  of  heat  was  19  per 
cent.,  in  the  other  it  was  only  14.1. 

(12.3-10.56  =  1.74,  and  12.3 ;  1.74 : :  100  : 14.1.) 

Though  the  amount  of  evaporation  in  my  trial  was  small, 
yet  there  is  not  much  difference  according  to  the  calculated 


t. 


I 


273  Dr  Fyfe  on  the  Evaporatiise  Power  of  Coal. 

evaporative  power  of  both  it  is  only  4.9  per  cent.  This  may 
also  in  a  great  measure  he  accounted  for.  The  pressure  at 
which  my  trials  were  made  was  17  lb.,  that  of  Schafhaeutl  was 
13.3  ;  and  though,  as  is  well  known,  the  heat  necessary  to  con¬ 
vert  water  into  steam  is  the  same  at  all  pressures,  yet  in  prac¬ 
tice  it  is  allowed  that  the  higher  the  pressure  the  greater  is 
the  heat  required,  owing  to  a  loss  occasioned  by  different 
circumstances.  Making  allowance  for  pressure,  according  to 
Schafliaeutl,  the  quantity  that  would  have  been  evaporated  in 
his  trial,  supposing  the  temperature  at  212°,  would  be  11.11 ; 
in  mine  it  would  have  been,  according  to  the  same  rule,  9.39  ; 
which  would  make  the  loss  of  heat  in  the  former  amount  to 
9.6  per  cent.,  in  the  latter  to  12.3  per  cent. ;  thus  giving  a 
difference  of  only  3.3  per  cent.  As  to  this  greater  deficiency, 
it  was  most  probably  owing  to  the  inferior  quality  of  the  fuel, 
perhaps  also  owing  to  the  defective  draught  of  the  furnace,, 
but  more  particularly  to  the  former.  IVhen,  for  instance,  a 
coal  contains  much  incombustible  matter,  a  greater  deduction 
must  be  made  from  the  heat  that  is  likely  to  be  available, 
than  in  the  ratio  of  the  per-centage  of  .the  non-inflammable 
materials,  and  especially  if  these  contain  metallic  matter,  for 
they  then  form  slag  on  the  bai'S,  and  prevent  the  due  trans¬ 
mission  of  air  through  the  furnace.  Hence,  which  is  a  very 
great  impediment  to  the  practical  application  of  the  heat,  it 
is  necessary  from  time  to  time  to  remove  the  slag  from  the 
bars,  by  which  not  only  is  the  fire  disturbed,  but  what  is  a 
very'  great  drawback,  during  the  whole  of  the  time  that  the 
fireman  is  employed  in  doing  this,  cold  air  is  rushing  into  the 
furnace,  and  impinging  on  the  boiler,  lowers  the  temperature, 
and  consequently  reduces  the  evaporation.  This  happens 
with  common  coal,  but  in  addition  to  this,  when  anthracite  is 
disturbed  in  this  way,  the  combustion  is  materially  affected 
by  the  cold  air.  In  my  experiments  this  frequently  occurred. 
It  was  necessary  to  remove  the  slag,  and  as  it  adhered  to  the 
bars,  it  required  a  considerable  time  to  get  it  done.  I  have 
no  hesitation,  therefore,  in  stating,  that  had  an  anthracite 
■with  less  volatile  ingredients,  and  more  especially  with  a 
smaller  quantity  of  incombustible  matter  been  used,  there 
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would  have  been  a  greater  amount  of  evaporation,  of  course 
a  smaller  loss  of  the  heat  evolved  by  the  combustion. 

The  next  set  of  experiments  was  made  with  the  view 
of  ascertaining  the  evaporative  power  of  English  caking,  com¬ 
pared  with  common  Scotch  coal.  Of  course,  the  strength  of 
these  must  vary  according  to  circumstances,  the  results  now  to 
be  stated  must  therefore  be  considered  as  applying  only  to 
those  on  which  the  trials  were  made.  The  English  coal  used 
was  imported  at  Leith  and  said  to  be  of  the  best  quality ; 
being  got  direct  from  the  vessel,  it  may  be  considered  as  free 
from  admixture.  The  Scotch  coal  with  which  it  was  com¬ 
pared  was  from  the  neighbourhood  of  Edinburgh,  and  is  ge¬ 
nerally  reckoned  good. 

I  regret  that  I  had  not  an  opportunity  of  trying  these  coals 
in  the  furnace  used  for  the  anthracite.  I  was  obliged  to  have 
recourse  to  one  of  much  smaller  dimensions,  and  in  which, 
though  the  combustion  was  as  complete  as  frequently  occurs, 
yet  there  was  a  considerable  waste  of  heat.  I  give  these  ex¬ 
periments,  therefore,  not  with  the  view  of  shewing  what  can 
be  done  by  these  coals ;  but  as  the  waste  would  affect  both 
fuels  equally,  the  results  will  prove  their  comparative  eva¬ 
porative  power  in  practice. 

The  boiler  employed  was  made  of  thin  sheet  copper.  It 
was  of  the  waggon  form,  with  a  flue  returning  through  it, 
and  capable  of  holding  50  gallons  of  water.  The  fire  surface 
of  the  furnace  was  16  inches  by  14,  and  the  surface  of  the 
boiler  exposed  over  the  fire  and  otherwise  to  the  heated  pro¬ 
ducts  of  combustion,  was  in  all  18  feet.  As  the  boiler  was 
open,  of  course  the  evaporation  was  conducted  under  the 
usual  atmospheric  pressure.  The  water  supplied  was  in  all 
the  trials  at  the  temperature  of  50’.  It  was  measured  when 
thro>vn  into  the  boiler,  and  to  check  the  results,  a  graduated 
gauge  was  attached  to  the  boiler,  by  which  the  height  of  the 
fluid  within  could  be  ascertained,  and  the  amount  of  evapo¬ 
ration  known.  Six  trials  were  made  with  the  Scotch  coal, 
each  lasting  nearly  nine  hours.  It  is  unnecessary  to  give  the 
results  of  the  whole.  I  select  one  which  was  conducted  with 
great  care.  The  following  is  a  tabular  view  of  the  work¬ 
ing 
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4 

4 

4 

4 

4 

80 

4 

4 

4 

4 

100 

4 

4 

4 

4 

114 

4 

4 

4 

4 

96 

10 

68  lb. 

400  lb. 

In  this  trial,  which  lasted  for  8^  hours,  4  lb.  of  coal  being 
supplied  regularly  each  half  hoiu’,  there  were  used  in  all  68  lb., 
and  400  lb.  of  water  were  evaporated,  thus  giving  5.88  for 
each  pound  of  coal. 

Three  trials  were  made  in  the  same  way  with  English  coal, 
due  attention  being  paid  to  the  supply  of  fuel  to  the  furnace,  so 
as  to  secure  the  proper  combustion,  and  as  the  quantity  put  in 
at  a  time  was  small,  the  combustion  was  tolerably  regular.  I  se¬ 
lect  one  of  the  trials,  with  which  the  others  very  nearly  agreed. 
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In  this  trial  51  lb.  of  coal  were  used,  and  400  lb.  of  water 
evaporated ;  hence,  for  each  pound  of  coal  used,  7.84  of  water 
were  evaporated. 

Different  results  were  obtained  in  some  of  the  other  expe¬ 
riments,  some  of  them  giving  a  lower  amount  of  evaporation. 
Taking  the  average  of  the  whole  it  very  nearly  agreed  with 
the  above  ;  according  to  it,  5.88  :  7.84  :  :  100 :  133. 

The  average  of  the  trials  properly  conducted  gives  a  result 
as  100  to  131.5.  We  are  not  therefore  far  from  the  truth  if 
we  take  it  as  100  to  133,  that  is  as  3  to  4. 

The  composition  of  the  Scotch  and  English  coal  was  found 
to  be 


Moisture, 

Scotch. 

7.6 

English. 

1.6 

Volatile  Matter, 

.  34.6 

29.6 

Fixed  Carbon,  . 

.  60.6 

67.0 

Ashes, 

7.6 

2.0 

100.0 

100.0 

The  table  given  by  Mr  Richardson  already  quoted,  shews 
that  the  evaporative  power,  calculated  according  to  the  quan¬ 
tity  of  oxygen  required  for  combustion,  ought  to  be  in  the 
ratio  of  100  to  109.6.  In  the  experiments  I  have  made  on  the 
coals  used  in  the  trials  above  referred  to,  I  found  the  evapora¬ 
tive  power  by  the  litharge  test  to  be  as  100  to  105.2,  numbers 
not  differing  much  from  those  of  Richardson.  But  the  evapo¬ 
rative  power  by  the  furnace  trials  was  as  100  to  133,  which  is 
very  different  from  the  other.  It  becomes,  therefore,  an  im¬ 
portant  question,  w'hat  is  the  cause  of  this  difference  ?  for  if 
we  can  solve  this,  it  may  perhaps  lead  to  the  means  of  mak¬ 
ing  the  available  power  of  the  Scotch  approximate  to  that  of 
the  English  coal.  To  this  I  will  afterwards  refer. 

On  viewing  the  results  of  the  experiments  now  detailed, 
one  remarkable  circumstance  at  once  strikes  us, — it  is  the 
great  practical  evaporative  power  of  anthracite  over  the 
other  kinds  of  coal,  which,  though  they  contain  less  fixed  car¬ 
bon,  yet  have  much  more  volatile  matter,  the  hydrogen  of 
which,  I  have  already  said,  gives  out  thrice  as  much  heat  as 
carbon  does.  In  the  anthracite  which  I  employed,  the  fixed 
carbon  amounted  to  71.4  per  cent.,  in  the  caking  coal  it  was 
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67,  and  in  the  Scotch  coal  only  50.5.  Now,  with  regard  to 
the  comparative  practical  evaporative  power  of  the  Scotch 
and  English  coal,  I  have  stated  them  as  100  to  133,  and  as 
50.5:  67::  100: 132. 

Again,  with  regard  to  the  Scotch  and  anthracite,  I  have 
given  the  evaporative  power  as  6.66  to  8.73,  and  50.5 : 71.4  : : 
6.66  :  9.41.  Thus,  not  only  is  the  evaporative  power  in  prac¬ 
tice  in  the  ratio  of  the  fixed  carbon,  but  there  is  a  very  re¬ 
markable  approximation  in  the  evaporative  power  to  the  pro¬ 
portion  of  this  ingredient  in  each. 

In  the  antliracite  the  volatile  matter,  independent  of  the 
moisture,  was  13.3,  in  the  English  it  was  29.5,  and  in  the 
Scotch  it  amounted  to  no  less  than  34.5  per  cent.  We  would 
therefore  naturally  expect  that  the  English  and  Scotch  coal 
would  have  a  greater  evaporative  power,  whereas  that  which 
has  the  least  of  these  volatile  ingredients  has  the  greatest. 
It  is  evident  from  this,  that,  in  the  combustion  of  fuel  in  fur¬ 
naces  as  commonly  constructed,  the  loss  of  the  heat  evolved 
is  occasioned  in  a  great  measure  by  the  volatile  matter  ;  much 
of  these  we  know  is  eonsumed,  but  even  in  the  best  con¬ 
structed  furnaces,  there  is  an  escape  of  a  considerable  pro¬ 
portion,  owing  to  the  want  of  a  due  supply  of  air,  or  from 
want  of  the  proper  temperature  even  though  air  is  present ; 
indeed  it  is  chiefly  owing  to  the  latter,  for  we  never  find  that 
the  air  that  has  passed  up  through  the  fuel  is  entirely  deprived 
of  its  oxygen. 

Numerous  methods  have  been  recommended  for  securing 
the  perfect  combustion  of  all  the  gaseous  matter,  such  as  the 
cautious  introduction  of  the  fuel  near  the  front  of  the  furnace, 
instead  of  throwing  it  carelessly  over  the  whole  heap  in  a  state 
of  combustion,  by  which  the  gradual  discharge  of  the  volatile 
matter  is  occasioned,  and  which,  being  thus  expelled  and 
passed  over  the  ignited  fuel,  should  be  burned,  provided  air 
in  sufficient  quantity  is  present.  Many  others  have  also  been 
proposed, — such  as  that  patented  by  Mr  Williams  of  Liver¬ 
pool,  which  consists  in  allowing  air  to  flow  by  small  streams 
into  the  furnace  behind  the  bridge,  by  which  the  volatile  mat¬ 
ter  that  has  escaped  combustion  is  to  be  consumed.  Another 
is  that  lately  introduced  by  Mr  Ivison  of  this  place.  It  con- 
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sists  in  throwing  in  small  jets  of  steam  at  the  front  of  the  fur¬ 
nace,  immediately  over  the  surface  of  the  fuel,  at  the  same 
time  admitting  air,  at  the  furnace-door  or  otherwise,  also  over 
the  fuel.  It  is  not  my  intention  to  enter  into  a  discussion  as 
to  the  merit  of  these  processes  for  elfectiug  the  objects  pro¬ 
posed.  I  will,  perhaps,  at  a  future  period  make  some  re¬ 
marks  regarding  the  latter,  with  which  I  have  had  many  op¬ 
portunities  of  operating,  and  with  which  I  have  obtained  the 
most  unlooked-for,  but,  at'the  same  time,  the  most  satisfactory 
results.  Keeping  out  of  view  these  and  other  contrivances  of 
a  similar  nature,  it  is  evident  that  the  power  of  anthracite  is 
far  beyond  that  of  other  kinds  of  fuel,  more  particularly  when 
it  is  of  good  quality,  that  is,  rich  in  fixed  carbon,  simply  be¬ 
cause  there  being  little,  indeed  in  some  kinds  of  it  we  may  say 
no,  volatile  inflammable  matter,  the  whole  of  the  combustible 
substance  is  consumed,  and  the  only  loss  of  heat  arises  from 
that  which  must  pass  up  the  chimney,  and  by  which  a  draft  is 
secured,  besides  what  is  given  off  in  the  flues  and  otherwise  by 
communication,  through  the  materials  of  the  furnace. 

There  is  still  another  point  to  which  I  wish  to  advert.  I 
have  already  alluded  to  the  great  practical  evaporative  power 
of  those  fuels  containing  much  fixed  carbon.  On  still  farther 
viewing  the  results  of  the  experiments  which  have  been  de¬ 
tailed,  we  find  that  not  only  does  the  evaporative  power  bear 
a  ratio  to  the  proportion  of  this  element  in  the  different  fuels, 
but  it  would  appear  to  be  almost  in  the  exact  ratio  of  its  quantity 
in  each.  Thus  the  fixed  carbon  in  the  anthracite  I  employed 
was  71.4  per  cent. — now,  taking  that  of  pure  carbon  as  12.3 
as  100 : 12.3  : :  71.4 :  8.77, 

the  practical  working  of  the  fuel  actually  consumed  was  8.73. 
The  fixed  carbon  in  the  Scotch  coal  was  50.5  per  cent,  and 
as  100  : 12.3 : :  50.5  :  6.21, 

the  practical  working  was  6.66.  In  the  anthracite  used  by 
Dr  Schafhaeutl,  the  fixed  carbon  was  92.42, 

and  as  100  : 12.3 : :  92.42 : 10.36, 
the  practical  working  was  10.56.  The  evaporative  power  in 
practice  seems  therefore  to  be 'very  nearly  as  the  quantity  of 
fixed  carbon  in  the  fuel.  I  am  strongly  inclined  to  think  that 
this  will  be  found  to  be  the  case  with  all  fuels  in  their  natural 
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state ;  and  if  so,  then  in  using  fuel  in  furnaces  as  now  con¬ 
structed,  supposing  the  combustion  to  he  as  perfect  as  we  can 
expect  to  make  it  in  these  furnaces,  we  shall  find  the  practical 
evaporative  power  to  he  according  to  the  per-centage  of  fixed 
carbon.  If  this  should  be  found  to  be  the  case,  then  we  have 
an  easy  method  of  knowing  the  practical  evaporative  power 
of  a  fuel — which  is  merely  to  ascertain  the  quantity  of  fixed 
carbon.  This  may  be  done  by  exposing  a  certain  weight  of 
it  in  a  covered  crucible  for  some  time  to  a  red  heat,  the  time 
depending  in  a  great  measure  on  the  quantity  used ;  then 
when  cold  to  weigh  the  residue,  and  afterwards  to  expose  it  to 
a  red  heat  in  an  open  crucible,  or  on  a  platinum  foil,  till  it 
ceases  to  contain  any  admixture  of  carbon,  which  is  easily 
known  by  the  appearance  of  the  residue  ;  the  loss  of  weight 
thus  sustained,  deducted  from  what  was  left  by  exposure  to  heat 
excluded  from  air,  will  give  the  Aveight  of  fixed  carbon.  Thus 
100  gr.  of  the  Scotch  coal,  used  in  my  trials,  exposed  to  heat 
in  a  covered  crucible,  lost  42  of  moisture  and  volatile  inflam¬ 
mable  matter — ^the  58  gr.  of  residue,  consisting  of  fixed  carbon 
and  incombustible  substance,  when  heated  in  air,  left  7.5 — the 
loss,  amounting  to  50.5,  was  of  course  fixed  carbon,  which  was 
consumed  by  its  union  with  oxygen. 

From  the  few  experiments  I  have  made,  I  do  not  feel  that  I 
am  warranted  in  drawing  it  as  a  general  conclusion,  that  the 
practical  evaporative  pow’er  will  be  found  to  be  as  the  fixed 
carbon,  but  from  what  I  have  seen,  I  have  every  reason  to 
think  that  is  either  so,  or  very  nearly  it ;  of  course  it  will  re¬ 
quire  a  more  extended  series  of  experiments,  made  on  a  larger 
scale,  before  such  a  conclusion  can  be  proved  to  be  correct. 
The  subject  is  important,  and  well  worthy  of  farther  prosecu¬ 
tion,  and  I  trust  that  those  who  have  opportunities  for  testing 
the  practieal  evaporative  poAver  in  furnaces  properly  con¬ 
structed,  will,  from  Avhat  I  have  advanced,  have  their  atten¬ 
tion  drawn  to  it.  Till  this  is  properly  tried,  it  is  useless  to 
enter  into  speculation  regarding  the  heat  evolved  by  combus¬ 
tible  matter ;  at  the  same  time,  however,  there  is  one  point  to 
Avhich  I  cannot  refrain  from  alluding.  Whether  or  not  it  is 
found  tliat  the  practical  evaporative  power  is  as  the  fixed  car¬ 
bon,  it  must  be  allowed  that  in  the  trials,  the  results  of  which 
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I  have  given,  it  bears  a  close  approximation  to  it ; — then  a 
question  arises,  What  becomes  of  the  heat  evolved  by  the 
combustion  of  the  volatile  ingredients?  We  know  that  the 
greater  part  of  these  is  consumed,  and  they  must  give  out  heat 
by  their  combustion ;  if  so,  how  does  it  happen  that  the  eva¬ 
poration  is  not  greater  than  what  should  be  occasioned  by  the 
consumption  merely  of  the  fixed  carbon  ?  This  may,  to  a  cer¬ 
tain  extent,  be  explained  by  the  volatilization  of  the  elements 
that  assume  the  gaseous  form.  When  heat  is  applied  to  coal, 
by  which  it  is  made  to  unite  with  oxygen  and  itself  give  forth 
heat,  a  part  of  that  heat  must  be  spent  in  enabling  the 
hydrogen,  with  the  equivalent  proportion  of  carbon,  to  assume 
the  elastic  form.  Now,  if  the  whole  of  this  was  to  escape 
without  undergoing  combustion,  while,  at  the  same  time,  the 
fixed  carbon  only  is  burned,  we  can  easily  conceive  that  the 
evaporative  power  of  a  coal  thus  consumed,  would  be  less  than 
in  the  ratio  of  the  fixed  carbon  it  contains ;  but  this  is  never 
the  case  in  properly  constructed  fiu’naces  ;  a  great  part  of  the 
gaseous  matters  is  consumed,  and  they,  by  their  combustion, 
again  evolve  the  heat  which  was  absorbed  by  them  when  as¬ 
suming  the  elastic  form.  Perhaps  in  furnaces  as  now  con¬ 
structed,  even  on  the  best  principles,  the  whole,  or  nearly  the 
whole,  of  the  heat  thus  disengaged  is  so  required ;  of  course, 
the  greater  the  proportion  of  volatile  matter,  the  greater  will 
be  the  abstraction  of  heat  while  they  become  gaseous,  and, 
consequently,  it  will  require  the  consumption  of  a  proportional 
part  to  supply  the  heat  thus  abstracted.  While,  therefore, 
the  heat  evolved  by  the  combustion  of  the  fixed  carbon  is  a 
fixed  quantity  in  each  fuel,  and  as,  when  the  gaseous  matter 
evolved  is  great,  a  proportionally  smaller  quantity  of  it  is  ge¬ 
nerally  consumed,  hence  the  lower  evaporative  power  of  those 
fuels  containing  much  of  the  elements  that  yield  the  volatile 
matter ;  and,  again,  as  it  is  much  easier  to  etfect  the  complete 
combustion  of  fixed  carbon  than  of  all  the  ingredients,  both 
fi^d  and  volatile,  of  a  bituminous  coal,  hence  the  value  of 
those  that  contain  much  of  the  fixed  element,  when  consumed 
in  furnaces  as  now  usually  constructed.  I  know  that  what  I 
now  assert  is  at  variance  with  the  opinions  entertained  on  this 
point  by  practical  engineers,  who  generally  think  that  a  great 
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deal  depends  on  the  flame  of  the  volatile  matter.  If,  however, 
any  reliance  is  to  he  placed  in  the  experiments  the  results  of 
which  I  have  detailed,  I  think  they  will  be  forced  to  allow  that 
I  am  correct  in  what  I  assert :  that  the  greater  the  proportion 
of  fixed  carbon  in  a  fuel,  the  greater  will  be  the  practical  eva¬ 
porative  power.  In  a  national  point  of  view,  then,  now  that 
the  demand  for  fuel  has  become  so  great,  and  that  for  long 
voyages  it  is  of  the  utmost  consequence  to  have  the  fuel  power¬ 
ful,  so  as  to  occupy  as  little  space  as  possible,  or  rather,  if 
I  may  be  allowed  the  expression,  to  have  a  greater  quantity 
of  an  evaporative  power  stowed  away  in  the  same  space,  it  is 
of  vast  importance  that  attempts  should  be  made  to  introduce 
the  anthracite  fuel. 


Notice  of  Delafosse's  Memoir  on  Crystallography.* 

It  is  known  that  when  we  compare  the  physical  characters 
of  the  forms  which  compose  the  different  systems  of  crystal¬ 
lization  with  their  proper  geometrical  characters,  we  arrive  at 
the  following  general  fact :  that,  in  a  crystal,  all  the  parts  of 
the  same  geometrical  species  are  modified  at  once  and  in  the 
same  manner,  or,  reciprocally,  that  the  parts  of  different 
geometrical  species  are  modified  individually  or  differently. 
We  meet,  however,  with  certain  bodies  in  which  the  mo¬ 
difications  take  place  differently  than  in  others,  insomuch 
that  all  the  parts  geometrically  alike  are  no  longer  found  to 
be  modified  in  the  same  manner.  Now,  says  M.  lleudant, 
it  has  happened  with  regard  to  this  observation,  what  we  too 
often  witness  in  the  sciences — observers  have  seen  only  one 
possible  conclusion,  w'ithout  suspecting  that  another  may  exist 
quite  as  admissible.  It  has  been  simply  concluded,  in  this 
instance,  that  these  circumstances  constituted  an  exception 
to  the  law  of  symmetry  ;  and  trusting  implicitly  to  the  adage, 

*  At  .1  meeting  of  tlic  Academy  of  Sciences  of  Paris  on  the  25tli  January 
1841,  M.  Beudant  read  a  report,  drawn  up  conjointly  by  MM.  Brongniart 
and  Cordier,  on  a  crystallographical  memoir  prescnteil  by  M.  Delafosse,  of 
which  the  above  is  a  notice, 
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happily  rejected  by  the  exact  sciences,  that  the  exception  con¬ 
firms  the  rule,  no  farther  progress  has  been  made.  M.  Delafosse 
has  now  come  to  a  conclusion  diametrically  the  opposite  to 
this.  There  is  no  anomaly,  he  afl&rms,  in  the  law  of  sym¬ 
metry.  That  law  remains,  in  this  case,  in  full  force,  and  it 
is  the  identity  of  the  parts  which  is  not  complete.  There  is 
indeed  a  perfect  geometrical,  although  there  is  not  a  physical 
identity,  and  thence  result  the  ditferences  we  witness  ;  or  ra¬ 
ther  these  differences  ought  to  make  us  modify  the  notions 
hitherto  entertained  respecting  the  internal  structure  of  crys¬ 
tals,  which  have  been  considered  only  on  their  purely  geome¬ 
trical  relations. 

It  is  in  this  point  of  view  that  M.  Delafosse  has  given  a 
general  exposition  of  the  rationale  of  the  various  changes 
which  it  has  appeared  to  him  are  necessary  to  be  made  on 
the  crystallographic  theory  of  Haiiy.  He  has  applied  his  prin¬ 
ciples  to  divers  natural  substances,  boracite,  common  pyrites, 
tourmaline,  quartz,  and  beryl.  We  shall  give  a  comprehensive 
idea  of  his  observations  and  conclusions. 

lioracite  and  common  pyrites  are  referable  geometrically  to 
the  cube,  like  many  other  substances,  but  they  present  at  the 
same  time  certain  peculiarities  Avhich  distinguish  them.  In 
boracite  there  are  only  four  solid  angles  in  the  cube  which  are 
modified  altogether  in  the  same  manner,  and  as  the  eight  solid 
angles  of  a  cube  are  geometrically  identical,  it  has  been  con¬ 
cluded,  from  the  time  of  Haiiy  to  the  present  day,  that  we 
had  here  an  exception  to  the  law  of  symmetry.  M.  Dela¬ 
fosse,  reasoning  otherwise,  has  come  to  the  conclusion,  that 
if  the  solid  angles  of  this  substance  are  geometrically  identi¬ 
cal,  they  are  not  so  physically  ;  which  means  that  the  geome¬ 
trical  cube  of  boracite  is  not  composed  molecularly  in  the 
same  manner  as  the  cube  met  with  in  many  other  substances. 
One  can  imagine,  in  fact,  that  a  cube  may  be  composed,  geo¬ 
metrically  speaking,  in  a  multitude  of  different  ways,  for  ex¬ 
ample,  of  small  cubes,  small  tetraliedrons,  minute  rectangular 
prfsms,  &c.  If  the  crystals  were  always  simple,  we  could 
never  perceive  these  differences,  at  least  by  observing  the 
external  form  alone ;  but  the  modifications  they  present,  and 
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to  which  the  optical  and  acoustic  properties  may  be  added, 
ought  to  lead  us  to  the  determination  of  this  molecular  form. 

In  the  present  case,  the  apparent  anomaly  leads  us  to  adopt 
the  regular  tetrahedron^as  the  molecule,  and  to  conceive  these 
small  solids  arranged  in  rows,  in  such  a  manner  that  at  one 
of  the  angles  of  the  resulting  cube  there  is  found  a  base, 
while  at  the  opposite  angle  a  summit  presents  itself ;  from  this 
it  will  follow  that  the  two  opposite  angles,  which  are  geome¬ 
trically  identical,  are  found  completely  different  in  a  physical 
respect,  and  tlie  law  of  symmetry  w’ill  appear  in  all  its  force 
in  such  a  system,  if,  as  nature  presents  it  to  us,  one  of  the 
angles  is  modified  differently  from  the  other.  In  this  suppo¬ 
sition  of  molecular  fonns  and  arrangement,  the  edges  of  the 
cube  are  all  geometrically  and  physically  identical,  since  they 
all  correspond  to  the  edges  of  the  tetrahedron.  This  also  takes 
place  with  the  modifications  of  boracite,  for  the  twelve  edges, 
of  the  cube  are  found  to  be  modified  in  it  at  the  same  time 
and  in  the  same  manner. 

If  we  study,  comparatively,  substances  in  which  all  the 
angles  of  the  cube  are  modified  altogether  and  in  the  same 
manner,  for  example  fluor-spar,  we  will  conclude  that  all  the 
parts  are  geometrically  and  physically  identical,  which  leads 
ns  to  admit  tlie  cube  itself  as  a  molecide,  since  it  is  the  only 
solid  that  can  fulfil  this  condition. 

Comparing  the  conclusions  relating  to  fluor-spar  with  those 
stated  in  reference  to  boracite,  w'e  at  once  perceive  that  na¬ 
ture  presents  us  with  two  kinds  of  cubes  ;  one  sort,  formed  of 
tetrahedrons,  which  possess  the  character  of  having  four  of 
their  solid  angles  physically  different  from  the  four  opposite 
ones  ;  the  other,  formed  of  cubical  molecules,  or  octahedrons, 
in  which  all  the  angles  are  identical  both  in  a  physical  and 
geometrical  sense.  But  besides  these  there  is  a  third. 

The  crystallization  of  pyrites,  as  well  as  that  of  grey  cobalt, 
is  referable  to  the  cube,  but  the  modifications  in  these  cases 
present  an  inverse  order  of  things  from  what  takes  place  in 
boracite.  In  the  latter  substance  the  solid  angles  are  physi¬ 
cally  of  two  different  sorts,  and  the  edges  are  identical  in 
every  reject.  In  the  two  others,  every  thing  is  the  reverse 
of  this ;  the  angles  are  all  identical,  and  the  edges  are  not  so. 
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In  fact,  these  edges  are  modified  in  a'different  manner,  and 
in  such  a  way  as  those  may  be  which  represent  the  three  di¬ 
mensions  of  a  right  rectangular  prism.  The  cube  of  the 
pjTites  cannot  therefore  be  formed  either  of  the  small  ordi¬ 
nary  cubes,  which  would  render  all  the  parts  of  it  identical 
each  to  each,  or  of  small  tetrahedrons,  which  would  render  the 
edges  identical  by  forming  two  kinds  of  solid  angles.  This 
kind  of  cube  is  necessarily  formed  of  small  solids  of  which  the 
three  dimensions  are  different,  whether  we  admit  geometrical 
.  differences,  or  suppose  that  physical  or  chemical  differences 
exist.  The  molecule  which  must  be  admitted  in  this  species 
is  the  limit  of  the  cube  and  of  the  right  prism,  as  the  solid  which 
would  result  from  the  replacing  of  the  superior  edges  of  a 
rhombohedron  in  which  the  plane  angles  should  be  of  60°  and 
120°,  would  be  found  to  be  the  limit  of  the  cube  and  the 
rhombohedron.  It  may  be  conceived  that  at  tliese  limits 
the  forms  will  have  properties  analogous  to  those  of  the  allied 
solids,  and  that  then  they  differ  from  each  other  in  respect  to 
symmetry. 

Thus,  then,  we  have  three  kinds  of  very  distinct  cubes  in 
the  substances  which  crystallize  in  the  cubical  system,  or,  if 
the  expression  be  preferred,  three  systems  of  cubical  crystal¬ 
lization.  We  may  even  see  the  possibility  of  a  foimth  and  of  a 
fil’thfor  the  limit  of  the  cube  and  the  rhombohedron,|of  the  cube 
and  of  the  square  prism,  &c.  All  the  other  crystalline  systems 
at  present  admitted  appear  to  present  analogous  circum¬ 
stances,  and  M.  Delafosse  points  out  many  substances  which 
ought  particularly  to  attract  attention  in  this  light.  But,  in 
his  present  memoir,  he  only  considers  the  rhombohedral  sys¬ 
tem  by  treating  of  the  beryl,  quartz,  and  tourmaline,  referring 
for  comparison  to  the  carbonate  of  lime. 

All  these  bodies,  as  is  known,  may  be  referred  theoretically 
either  to  the  rhombohedron,  or  to  the  prism  with  regular  hexa¬ 
gonal  bases,  or  finally  to  the  dirhombohedron  (bipyramidal 
dodecahedron)  ;  but  when  we  take  into  consideration  the  pe¬ 
culiarities  they  present,  and  that,  instead  of  imagining  in  some 
of  them  constant  anomalies, — an  expression  unquestionably 
very  singular — we  see  nothing  but  positive  facts,  to  which  we 
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may  henceforth  rigorously  apply  invariable  epithets,  it  will 
be  admitted  that  the  form  taken  as  the  point  of  departure 
must,  in  each  of  these  bodies,  possess  a  special  molecular  com¬ 
position. 

Rigorously  following  up  the  principles  adopted,  M.  Dela- 
fosse  endeavours  to  find,  in  divers  substances,  molecules 
which  should  be  in  relation  with  their  physical  properties ; 
but  here  it  is  difficult  to  materialise  all  the  forms  so  as  to 
designate  them  by  geometrical  names,  as  he  was  able  to  do  in 
regard  to  the[cubical  systems.  M.  Delafosse  is  of  opinion,  that, 
after  obtaining  divers  data,  we  can  only  arrive  at  a  know¬ 
ledge  of  the  kind  of  molecular  form  of  a  substance,  and  that, 
in  order  to  obtain  the  true  type,  it  is  necessary  to  add  to 
it  the  atomic  relations  and  chemical  composition.  He  in¬ 
timates  that  he  has  already  obtained  some  results  of  this  na¬ 
ture,  and  he  proposes  to  present  them  to  the  Academy  in  ano¬ 
ther  memoir. 

M.  Beudant  concludes  his  report  by  observing,  that  if  it  be 
true,  as  has  been  alleged,  that  M.  Delafosse’s  ideas  are  not  al¬ 
together  new,  and  that  the  germs  of  them  may  be  found  in 
different  works,  it  ought  to  be  added  that  these  imperceptible 
germs  had  remained  wholly  unproductive ;  and  if  there  be 
any  honour  to  be  claimed,  it  is  due  to  him  who  has  rendered 
them  fruitful.  The  Academy  agreed  to  his  motion  that  M. 
Delafosse’s  memoir  should  be  inserted  in  the  Itecueil  des  Sa¬ 
vants  ttrangers.  * 


Observations  on  the  Glaciers  of  Spitsbergen,  compared  with 
those  of  Switserland  and  Norway.  By  C.  Martens,  M.D. 
Member  of  the  Northei’n  Commission.  (Continued  from 
page  177.) 

Causes  of  the  annual  Demolition  of  the  Spitsbergen  Glaciers. 
— Dr  Latta*  positively  affirms  that  the  glaciers  of  Spitzbergen 
always  terminate  at  the  margin  of  the  sea.  Scoresby  t  and 


*  L.  c.  p.  102  and  2C0. 


t  L.  c.  p.  97. 
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Keilhau  *  are  less  exclusive.  “  When  the  sea  is  not  very  deep,” 
says  the  English  navigator,  “  the  glacier  advances  to  a  certain 
length  ;  when  it  is  deep  and  usually  covered  with  ice,  as  is  the 
case  in  Baffin’s  Bayi-f-  then  the  glacier  advances  very  far  into 
the  sea,  till  it  reach  the  bottom  of  the  water  at  a  depth  of  some 
hundred  feet,  and,  by  breaking  into  pieces,  it  produces  those 
mountains  of  ice  which  are  so  often  met  with  to  the  west  of 
Greenland.”  A  savant,  who  has  not  visited  the  north,  but 
who  has  attentively  studied  the  glaciers  of  Switzerland,  M. 
Andre  du  Luc,  has  broached  a  mixed  opinion,  founded  on  the 
data  derived  from  the  voyages  of  Captain  Ross.  It  is  to  the 
following  effect,  as  copied  literally  from  his  Memoir  4  “ 
mense  glaciers,  formed  in  the  gorges  and  valleys  which  open 
to  the  sea,  are  urged  forwards,  and  enter  the  water  to  a  great 
depth.  For  some  time,  the  ice  supports  itself  by  its  cohesive 
power  ;  but  when  the  mass  which  is  without  support  becomes 
too  gi'eat  to  be  maintained  by  this  power  alone,  it  breaks  off, 
and  sinks  into  the  sea  to  four-fifths  of  its  height,  and,  if  the 
water  is  sufficiently  deep,  the  mass  floats.  The  glacier  con¬ 
tinues  to  advance  into  the  sea,  new  masses  are  detached,  and 
thus,  in  process  of  time,  chains  of  ice-mountains  are  formed. 
If  the  sea  is  not  of  great  depth  in  a  bay,  the  glacier  advances, 
always  resting  upon,  and  sliding  along,  the  bottom  of  the  sea  ; 
and  it  is  thus  that  we  witness  immense  glaciers  extending  for 
many  miles  into  the  sea,  without  any  portion  of  their  mass  se¬ 
parating.  They  have  assumed,  so  to  speak,  the  place  of  the 
sea  in  the  bay.” 

Leaving  for  the  present  the  consideration  of  the  glaciers  of 
B;iffin’s  Bay,  to  which  I  shall  afterwards  return,  I  shall  con¬ 
tent  myself  by  shewing, — 

Is/,  That  the  glaciers  situated  at  the  bottom  of  the  Spitz- 
bergen  bays  do  not  terminate  at  the  margin  of  the  sea,  but 
advance  into  it.  2d,  That  they  never  slide  along  the  bottom 
of  the  sea,  but  that  they  slope  towards  it,  so  that  the  lower 
face  of  the  glacier  is  in  contact  with  the  surface  of  the  water. 


*  L.  c.  p.  135,  t  L.  c.  1. 1.  p.  108. 

t  Notice  of  the  Ice  in  Baffin’s  Bay,  Bibliotb.  Univ.  de  Geneve,  t.  xiii.  Lit- 
tcraturc,  p.  288.  1820. 
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I.  The  following  are  ray  proofs  in  support  of  the  first  of 
these  two  propositions. 

\st.  If  we  examine  a  plan  of  the  bays  of  Spitzbergen,  and 
in  particular  those  of  Bell  Sound  and  Magdalena  Bay,  drawn 
up  by  the  officers  of  the  Recherche,  w'e  will  perceive  that  the 
vertical  walls  of  the  glaciers  always  form  nearly  straight  lines 
which  transversely  close  up  the  bottom  of  the  bays.  Now,  by 
describing  a  curve  concentric  to  that  which  would  pass  by  the 
summits  of  the  mountains  whose  base  is  marked  by  the  gla¬ 
cier,  we  may  trace  the  contour  of  the  shore-line  ;  for  in  Spitz¬ 
bergen  there  is  no  flat  beach.  We  will  thus  see  that  the  bot¬ 
tom  of  the  bays  is  rounded  as  in  every  other  place.  The  ice- 
wall  which  closes  them  up  is  the  cord  of  the  arc  of  a  circle 
formed  by  the  rounded  extremity  of  the  bay,  and  the  segment 
of  which  is  occupied  by  the  lower  part  of  the  glacier.  Thus 
the  seven  glaciers  fill  small  bays,  and  the  mountains  which  se-. 
parate  them  are  so  many  promontories. 

2d,  I  could  never  discover  in  the  middle  of  the  base  of  the 
glacier’s  escarpement  the  ground  on  which  it  should  rest, 
while  the  subjacent  rock  was  quite  visible  at  the  extremities 
of  this  base.  Let  it  not  be  objected  to  this,  that  the  sea 
washed  the  foot  of  the  mass ;  for  at  ebb-tide  an  interval  of 
about  a  metre  might  be  distinctly  observed  between  the  ice 
and  the  surface  of  the  water. 

During  our  two  visits  to  Bell  Sound  and  Magdalena 
Bay,  we  never  saw  the  two  glaciers  break  or  gradually  retire. 
How  could  fragments  of  ice  be  continually  falling  into  the  sea, 
if  the  glacier  did  not  advance  beyond  the  water-line  ?  This 
continual  demolition  becomes  an  inexplicable  matter,  if  we 
suppose  that  the  glacier  terminates  at  the  edge  of  the  sea. 

Ath,  These  masses  being  unceasingly  urged  forward  by  those 
which  are  above  them,  why  do  they  stop  just  at  the  margin  of 
the  water  which  opposes  no  obstacle  to  their  progress  ? 

5th,  The  considerable  depths  of  the  sea,  varying  from  32 
to  123  metres,  which  we  find  near  the  wall  of  the  glaciers, 
prove  that  it  is  very  far  from  the  margin. 

II.  It  remains  for  me  to  shew,  that  the  lower  part  of  the 
glaciers  of  Spitzbergen  advances  on  the  sea,  and  does  not  slide 
along  the  bottom  ;  in  a  word,  that  it  forms  a  segment  of  a  cm- 
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cle,  the  arc  of  which,  as  well  as  the  two  extremities  of  the 
cord,  rest  on  the  bank. 

Ist,  If  the  glaciers  descended  to  the  bottom  of  the  sea,  we 
ought  to  meet  with  some  of  them  whose  upper  surface  was 
washed  by  the  waves ;  this  surface  would  form  an  inclined 
plane  which  would  form  an  angle  more  or  less  open  with  that 
of  the  sea.  But  this  we  never  witness  ;  the  glacier  always 
terminates  in  a  vertical  wall  of  considerable  height. 

2(1,  When  it  is  ebb-tide,  we  would  not  be  able  to  distinguish 
any  interval  between  the  ice  and  the  water ;  an  interval  which 
is  everywhere  observable  along  the  glacier.  But,  it  may  be 
said,  the  glacier  rests  on  the  bottom  of  the  sea,  and  the  ver¬ 
tical  wall  which  terminates  it  is  entirely  hollowed  out  from 
tlio  level  of  its  surface  by  the  action  of  the  waves.  If  this  hy¬ 
pothesis  were  true,  we  would  notice  at  the  foot  of  the  glaciers 
hemispherical  cavities  analogous  to  those  in  all  the  floating 
masses  of  ice,  or  we  would  always  perceive  the  submerged  ice 
beneath  the  water  which  was  washing  it  away.  But  nothing 
of  this  nature  appears  in  these  glaciers.  The  line  terminating 
their  lower  surface  is  perfectly  straight,  continuous,  horizon¬ 
tal,  and  consequently  parallel  with  the  level  of  the  sea.'  Of 
this  I  assured  myself  by  sailing  round  the  glacier  of  Magda¬ 
lena  Bay.  I  entered  with  the  boat  into  the  creeks  formed  in 
tlic  glacier  itself  by  the  falling  down  of  the  ice,  and  in  no  in¬ 
stance  did  I  notice  submarine  ice. 

3</,  When  a  considerable  mass  becomes  detached  from  the 
glacier,  it  always  extends  to  its  entire  height ;  it  is,  so  to  speak, 
a  portion  of  the  glacier  separated  from  the  rest.  If  it  touched 
the  bottom  it  would  slide  or  tumble  merely  ;  but  we  see  it  for 
the  most  part  plunge  almost  vertically,  and  remain  for  a  few 
seconds  under  the  water  before  it  reappears  at  the  surface. 

4  th,  By  ascending  the  terminal  glacier  of  Magdalena  Bay, 
I  saw  distinctly  that  it  was  depressed  towards  the  middle,  and 
very  concave  in  all  that  part  which  slopes  to  the  sea. 

5th,  In  proportion  as  the  glacier  is  broken,  the  escarpment 
in  which  it  terminates  has  the  tendency  to  describe  a  curve 
more  or  less  parallel  to  that  of  the  shore,  because  the  ccnti'al 
parts,  which  are  not  supported,  are  the  first  to  break  down. 

Gth,  Another  argument  b  derived  from  the  height  of  the 
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masses  of  ice  detached  from  the  glacier  of  either  of  the  two 
bays  in  question,  and  which  floated  around  our  vessel.  Their 
height  above  the  water  never  exceeded  that  of  the  bulwarks 
of  the  Recherche,  that  is  to  say,  about  4  metres.  Consequent¬ 
ly,  the  part  submerged  could  not  be  more  than  28  metres,  even 
admitting  the  data  of  Mr  Lyell,*  the  individual  who,  of  all  ob¬ 
servers,  gives  the  highest  figure,  by  affirming  that  seven- 
eighths  of  the  ice  are  sunk  in  the  water.  Thus  the  most  ele¬ 
vated  block  of  ice  was  in  all  only  32  metres  high,  an  eleva¬ 
tion  which  precisely  corresponds  to  that  of  the  two  glaciers  at 
the  bottom  of  Bell  Sound  and  Magdalena  Bay,  above  the  level 
of  the  sea.  If  they  rested  on  the  bottom,  it  would  be  entirely 
otherwise.  M.  Pacini,  attached  to  our  vessel,  found  sound¬ 
ings  of  32  and  64  metres  (mean  48  metres)  at  the  very  foot  of 
the  great  glacier  of  Bell  Sound.  At  the  distance  of  80  me¬ 
tres  from  that  of  Magdalena  Bay,  I  constantly  found  between 
102  and  103  metres.  By  supposing  that  the  base  of  the  gla¬ 
cier  rested  on  the  bottom,  it  would  follow,  in  regard  to  Bell 
Sound,  that  floating  masses  would  occur  whose  total  height 
would  be  about  80  metres,  viz.,  10  metres  above  and  70,be- 
low  the  surface,  and  they  would  likewise  be  all  at  rest  ground¬ 
ed  on  the  bottom,  which  is  not  the  case.  At  Magdalena  Bay 
the  floating  ice  would  be  145  metres  in  total  height,  viz.,  18 
above  and  127  below  the  water.  They  w'ould  almost  all  reach 
the  height  of  the  great  scuttle  of  a  vessel’s  mast,  and  none  of 
them  could  float  out  of  the  bay.  Now  the  floating  masses  of 
ice  did  not  take  the  ground  unless  at  depths  of  about  from  5  to 
10  metres  ;  they  often  floated  round  the  vessel,  where  there  was 
never  more  than  about  17  metres  depth  of  water.  Finally,  the 
reflux  of  the  tide  carried  them  all  out  of  the  bay,  and  they 
went  in  every  direction  where  the  depth  approached  15  metres. 

7M,  It  is  easy  to  explain  why  the  glacier  does  not  enter  the 
sea,  if  we  consider  the  temperature  of  the  surface  of  the  wa¬ 
ter  in  summer.  It  is  in  this  season  only  that  the  glaciers  ad¬ 
vance,  for  in  winter  the  sea  is  almost  always  frozen,  and  must 
therefore  resist  their  progress.  In  proportion  as  they  descend 
(and  this  they  do  very  slowly)  they  come  in  contact  with  a  li- 


*  Hoffinaun,  Physikolische  Gcogrnplue,  t.  i.  p.  208. 
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quid  whose  temperature  at  Bell  Sound  has  never  been  below 
+ 1°.45  C.  and  whose  mean  is  about  +  At  Magdalena 
Bay  the  minimum  is  +  0°.9,  the  mean  + 1'.34.  As  the  ice 
is  washed  by  water  at  such  temperatures,  it  melts ;  however, 
the  glacier  continues  to  descend,  supporting  itself  on  the  two 
sides  of  the  bay.  So  true  it  is  that  the  glaciers  which  are 
at  the  edge  of  a  rectilinear  shore  either  advance  very  lit¬ 
tle  or  not  at  all  into  the  sea.  Such  were  the  glaciers  of  En¬ 
tree  at  Magdalena  Bay,  and  the  southern  arm  of  that  at  the 
bottom  of  the  bay  ;  they  never  went  beyond  the  water-line, 
and  never  broke  down  during  our  stay. 

If  it  be  asked  how  it  is  possible  that  these  immense  masses 
remain  thus  suspended,  I  should  answer  that  they  rest  at  the 
sides  and  behind  on  the  shore,  and  that  they  are  held  by  the 
upper  part  of  the  glacier  w'hich  sinks  deeply  into  the  earth. 
Besides,  when  the  tide  is  at  the  full,  the  water  which  flows 
beneath  them  contributes  to  their  support.  When  these  dif¬ 
ferent  means  prove  insufficient,  the  parts  most  advanced  and 
separated  from  the  others  by  creviees  fall  down  ;  whence  the 
continual  breakings  which  w'e  have  witnessed. 

Arches  in  the  Glaciers  of  Switzerland. — The  formation  of 
those  vaults  or  arches  of  ice,  which  are  admired  at  the  lower 
extremity  of  the  glaciers  of  Switzerland,  is  a  phenomenon  al¬ 
together  analogous  to  that  of  which  I  have  spoken.  These 
grottos,  according  to  Ebel,*  do  not  exist  in  winter,  but  in 
spring  ;  the  waters  produced  by  the  melting  of  the  snow  pe¬ 
netrate  into  the  crevices  of  the  glacier,  then  issue  by  its  ex¬ 
tremity,  and  melt  sometimes  a  mass  of  ice  30  metres  in  height, 
by  from  15  to  25  in  breadth.  These  vaults  remain  during 
the  whole  summer.  The  glaciers  of  Spitzbergen  cannot  last 
so  long  ;  in  proportion  as  they  advance  they  sink  and  are  lost 
in  the  sea.  Hence  the  immense  quantities  of  floating  ice 
which  cover  the  Icy  Sea,  and  sometimes  advance  to  45°  of  la¬ 
titude.  How  can  we  explain  their  prodigious  number  by  the 
sim4)le  erosion  of  glaciers,  situate  for  the  most  part  at  the 
bottom  of  bays  where  the  sea  is  calm,  and  sheltered  from  the 
winds  and  waves  of  the  open  ocean  %  But  if  we  reflect  that  du- 


Anlcitung  die  Schweiz  zu  bcrciscn,  t.  iii.  1. 120. 
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ring  the  summer  a  part  of  the  Spitzbergen  glaciers  falls  into 
the  sea,  we  will  easily  understand  from  whence  those  fields  of 
fresh-water  ice  which  float  in  the  icy  ocean  proceed.  Every 
day  the  bays  which  we  visited  were  entirely  covered  with  new 
masses  of  ice  which  were  carried  out  by  the  tide  to  the  sea. 
When  the  thermometer  rose  a  few  degrees  above  zero,  and 
the  air  was  filled  with  fog,  enormous  masses  then  became  de¬ 
tached  from  the  glacier  and  precipitated  themselves  with  a 
crash  into  the  waves,  which  made  our  vessel  roll  about,  and 
raised  the  waters  many  metres  on  the  bank,  as  during  a  spring- 
tide. 

Glaciers  and  floating  Ice  of  Baffin’s  Bag. — We  know  that  in 
Baffin’s  Bay  the  floating  masses  of  ice  are  much  higb.er  than 
in  the  seas  of  Spitzbergen  ;  they  form  true  mountains. 
Scoresby*  speaks  of  some  45  metres  in  height.  These  ice- 
mountains  very  often  rest  on  the  bottom,  and  M.  A.  de  Luc 
thinks,  with  reason,  that  they  cannot  melt  at  the  bottom  because 
the  temperature  of  the  sea  is  there  below  zero.  But,  according  to 
the  observations  of  Captain  Ross,t  there  are  glaciers  in  these 
latitudes  the  height  of  which  is  about  300  metres  above  the 
surface  of  the  water.  A  fragment  detached  from  such  a  gla¬ 
cier  might  then  form  mountains  73  metres  above  the  water. 
It  is  not,  therefore,  necessary  to  suppose,  as  M.  de  Luc  has 
done,  that  the  glaciers  slide  over  the  bottom  of  the  sea,  in  or¬ 
der  to  explain  the  height  of  the  mountains  of  ice  in  these  la¬ 
titudes.  But  considerations  drawn  from  the  temperature  may 
lead  us  to  incline  to  his  opinion.  In  fact  the  temperatures  in 
these  latitudes  are  almost  always  below  zero,  even  at  the  sur¬ 
face.  Ross  has  given  meteorological  tables  in  connection  with 
the  account  of  his  voyage  in  the  Isabella  and  Alexander.  The 
temperature  of  the  surface  of  the  sea  was  noted  four  times 
daily.  On  summing  up  the  observations  made  between 
G3°.49'  and  75°.44'  N.  Lat.  during  the  months  of  June,  July, 
August,  and  September,  I  find  only  thirty-one  days  in  which 
the  temperature  of  the  sea  was  above  zero ;  during  the 
rest  of  the  time  it  was  below  it.  The  maximum  was  -|-  l°.ll  C. ; 

*  Journal  of  a  Voyage  to  the  NortUern  Whale-Fishery.  1823. 
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the  minimum  l°.ll.  In  the  seas  of  Spitzbergen,  even  under 
80°  N.  Lat.,  I  never  found  the  temperature  of  the  open  sea 
below  +  0°.7  at  the  smface,  and  almost  always  it  was  higher 
at  +  1°.0.  We  should,  therefore,  err,  were  we  to  draw  in¬ 
ferences  respecting  the  icy  ocean  from  Baffin’s  Bay ;  and  even 
though  ulterior  researches  should  prove  that  the  glaciers  of 
the  latter  place  advance  into  the  sea  by  sliding  along  the 
bottom,  that  would  determine  nothing  against  those  of  Spitz¬ 
bergen,  the  shores  of  which  are  washed  by  an  equatorial  cur¬ 
rent  of  warm  water,  as  we  shall  attempt  to  prove  elsewhere. 

Causes  of  the  progression  of  the  Spitzbergen  Glaciers. — The 
glaciers  of  Switzerland  descend  to  the  plain  by  a  progressive 
and  continuous  movement ;  this  is  a  fact  admitted  by  every 
one.  This  movement  is  very  perceptible  during  the  warm 
season,  but  it  does  not  altogether  cease  in  the  winter.  De 
Saussure* * * §  and  Albert  de  Hallert  have  demonstrated  this,  and 
the  destruction  of  the  village  of  Randa,  in  the  Haut- Valais, 
overwhelmed  by  a  glacier  from  the  Weisshorn,  which  fell  from 
about  2000  metres,  on  the  27th  September  1819,  furnishes  a 
lamentable  proof  of  it.+  But  if  authors  are  agreed  as  to  the 
fact,  they  are  far  from  being  so  with  regard  to  the  explana¬ 
tion  of  it.  De  Saussime,§  Escher  de  la  Linth,l|  and  Andre  de 
Luc,  attribute  this  progression  to  the  weight  of  the  ice  and 
the  sinking  produced  by  the  melting  of  the  lower  surface  rest¬ 
ing  on  the  ground.  Ever  since  the  time  of  Gruner  H  a  third 
cause  has  been  admitted,  namely,  the  expansion  of  the  water 
when  passing  into  a  solid  state.  Latterly  this  opinion  has 
been  more  explicitly  stated  by  T.  de  Charpentier,**  and  Prior 

*  L.  c.  §  538. 

t  Quoted  by  Do  Luc ;  note  on  the  Glaciers  of  the  Alps  (Biblioth.  Univ. 
de  Genive,  May  1039,  p.  142),  and  Jameson’s  Philosophical  Journal,  vol. 
xxviii.  p.  15. 

t  Bericht  von  der  Zerstoerung  des  Dorfes  Banda  von  Venetz  (Gilbert’s 
Animlcn  der  Physik,  t.  64,  p.  209.  1820.  and  Edinburgh  Philosophical 

Journal,  vol.  iil  p.  274.) 

§  L.  c.  §  535. 

11  Gilbert’s  Annalen  der  Physik,  t.  69,  p.  113.  1821. 

^  Description  des  Glaciers  de  la  Suisse,  p.  327.  1770. 

**  Gilbert’s  Annakn  der  Physik,  voblxili.  p.388. 
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Biselx,*  discussed  and  admitted  by  Gilbert, t  and  lastly  re¬ 
produced,  in  very  recent  times,  by  M.  Agassiz.t  The  weight 
of  the  ice,  the  dilatation  of  the  water  freezing  in  its  erevices, 
and  their  enlargement  as  a  necessary  consequence,  appear  to 
me  to  be  the  three  causes  which  operate  most  powerfully  in 
producing  the  progression  of  the  Spitzbergen  glaciers.  In  fact, 
the  sinking  of  which  Saussure  speaks  could  not  be  regarded 
as  one  of  the  means  of  accounting  for  it,  for  these  glaciers 
never  melt  on  that  surface  which  is  in  contact  with  the  soil. 
The  following  are  my  proofs : — At  Magdalena  Bay  there 
were,  as  I  have  already  stated,  two  small  glaciers  which  ter¬ 
minated  on  the  top  of  a  talus  and  did  not  descend  to  the  sea. 
I  have  examined  them  closely ;  not  the  smallest  streamlet  of 
water  escapes  from  their  base.  With  regard  to  those  which 
advance  into  the  sea,  it  is  impossible  to  assure  one’s  self  directly 
whether  they  give  rise  to  streamlets  at  their  low’er  part,  since 
the  latter  would  be  lost  in  the  sea  below  the  ice.  The  rivu¬ 
lets  which  run  laterally  between  the  glacier  and  the  moun¬ 
tain  owe  their  existence  to  the  melting  of  the  snows.  The 
experiments  which  we  made  on  the  temperature  of  the  earth, 
appear  to  me  equally  to  demonstrate  that  the  glaciers  of 
Spitzbergen  do  not  melt  under  the  influence  of  terrestrial 
heat.  At  Bell  Sound,  the  earth  was  frozen  very  hard  at  least 
to  the  depth  of  a  metre.  We  were  obliged  to  put  warm  wa¬ 
ter  into  the  hole  in  order  to  continue  the  bore.  On  tlie  3d 
and  4th  of  August  1838,  a  thermometer  sunk  0®.43,  and 
observed  for  thirty-three  hours,  aflbrded  a  mean  of  2^.86  C. ; 
the  maximum  was  -f-  8^.4  ;  the  minimum  -f  0°.2.  At  Mag¬ 
dalena  Bay  another  thermometer  sunk  0"'.35,  and,  observed 
from  hour  to  hour  for  ten  days,  gave  a  mean  of  -|-  1°.55  ;  the 
maximum  being  +  2°.40  ;  the  minimum  +  0°.40.  The  diur¬ 
nal  variations  followed  those  of  the  atmospheric  temperature. 
Thus,  in  Spitzbergen,  the  ground  is  frozen  in  the  middle  of 


*  Ibid.  t.  64,  p.  183,  1820 ;  and  Biblioth.  Univ.  do  Geneve,  t.  xi.  and  xii. 
{one.  tir.) 

t  Annalcn  dcr  Fhysik,  t.  64.  p.  183.  See  the  notes. 

^  Bulletin  de  la  Societe  do  Geologie  do  France,  t.  ix.  p.  443;  and 
Biblioth.  Univ.  do  Geneve,  May  1840,  vol.  xxvii.  p.  134-5  ;  and  Jameson’s 
Journal,  vol.  xxvii.  p.  383. 


293 


Dr  Martens  on  the  Glaciers  of  Spitsbergen. 

summer  to  the  depth  of  a  metre,  and  the  surface  is  warmed 
only  by  the  direct  rays  of  the  sun.  It  is  evident  that  this  in¬ 
fluence  cannot  act  on  ground  covered  with  glaciers.  The 
atmospheric  heat  cannot  penetrate  across  masses  of  ice  of  such 
a  thickness,  and  the  ground  on  which  they  rest  is  necessarily 
frozen.  It  was  our  intention  to  assure  ourselves  directly  of 
this ;  but  circumstances,  independent  of  our  wishes,  prevented.* 
In  his  excellent  work  on  the  temperature  of  the  earth,t 
Professor  Bischof  has  fully  demonstrated  that  an  ordinary 
glacier  cannot  melt  under  the  influence  of  central  heat  when 
the  mean  temperature  of  the  earth  which  it  covers  is  at  zero. 
Now,  he  shews  that,+  among  the  Alps,  it  is  at  2002  metres 
above  the  sea  that  this  medium  is  found.  This  point  being 
still  4G8  metres  below  the  line  which  separates  the  lower  and 


*  M.  Elicdc  Beaumont  lias  inserted  in  the  Journal  of  the  Lialitut,  of 
15th  June  103G,  a  physico-matlicinatical  note  on  the  relation  qui  cxitte  entre 
l'i'l>aisseiir  qtie  let  placet  •perpitnellet  penvent  acqw!:rir  dant  nn  lieu  donni,  et  I’ac- 
croisscmait  dc  temperature  qii’on  obterve  dant  let  lieux  profondt.  If  we  apply  to 
the  glaciers  of  Spitzbergen  the  consequences  which  result  from  these  for¬ 
mula},  wo  will  find  that  the  face  in  contact  witli  the  ground  ought  to  bo  in 
a  state  of  melting,  and  that  consequently  the  increase  of  the  entire  mass  in 
thickness  will  be  necessarily  limited,  if  they  acquire  such  a  power  that  their 
base  is  comprised  in  a  zone  of  terrestrial  temperature  above  zero.  In  fact, 
the  mean  temperature  of  the  air  in  Spitzbergen  is  very  probably  7°  C. ;  but 
temperatures  above  zero  not  licing  able  to  traverse  cither  the  ice  or  the 
snow  which  covers  the  ground  during  the  whole  year,  wo  will  take  no  ac¬ 
count  of  them,  in  this  general  mean,  from  the  monthly  moans  of  July  and 
August  which  are  above  zero.  The  mean  transmissible  by  the  snow  and  ice 
is  thus  found  lowered  to  nearly  !)  metres  C.  If  we  admit,  with  M.  E.  de 
Beaumont,  that  the  increase  of  temperature  is  1°  for  30  metres,  in  propor¬ 
tion  as  we  descend  vertically  into  the  earth ;  if  we  suppose,  moreover,  that 
the  conducting  power  of  the  ice  for  heat  is  equal  to  that  of  the  earth,  it 
must  follow  that  a  glacier  must  be  270  metres  in  thickness  before  it  attain 
the  itogeotlurme  of  zero.  If  it  pass  this  limit,  it  melts.  Among  the  glaciers 
hitherto  observed  in  Spitzbergen,  the  most  dense,  that  of  Horn  Sound,  is  121 
metres  of  vertical  height  at  the  margin  of  the  sea.  It  does  not,  therefore, 
reach  the  melting  point,  since  its  base  is  on  a  level  with  the  isogeothermc  of 
—  b’‘  C.  But'if  it  were  possible  to  visit  the  interior  of  the  island,  wo  would 
probably  there  find  masses  of  ice  whose  height  would  approach  to  250  metres. 

t  Die  Waermelehre  des  Innem  unsers  Erdkoeriiers,  1837 ;  and  Professor 
Bischof  in  Jameson’s  Philosophical  Journal,  vol.  xxiii.  p.  346. 
t  Ibid.  chap.  xviiL 
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upper  glaciers,  we  may  establish  a  new  analogy  between  the 
Mers  de  Glace  and  those  of  Spitzbergen.* 

The  weight  of  the  ice  must  necessarily  draw  the  glaciers 
toward  the  lower  parts,  and  it  acts  the  more  powerfully  dur¬ 
ing  summer,  because  nothing  is  then  opposed  to  the  progres¬ 
sion  of  these  lower  parts.  The  freezing  of  the  water  in  the 
crevices  is  still  another  force  of  great  power,  as  we  have  seen 
above. 

Without  having  recourse  to  any  hypothesis,  the  following  is 
my  conception  of  the  manner  in  which  a  glacier  advances : — 
In  summer  immense  transverse  crevices  divide  its  entire  mass 
vertically  into  so  many  secondary  wedge-shaped  masses  ; 
consequently  its  surface  is  increased  by  the  sum  of  all  the 
spaces  which  the  crevices  leave  between  them  at  their  upper 
part.  The  glacier  resting  firmly  against  the  mountain  can¬ 
not  be  pushed  backward ;  it  is,  therefore,  at  its  lower  part, 
when  nothing  arrests  it,  that  it  becomes  displaced,  and  moves 
forward.  Winter  following,  these  crevices  are  filled  with 
snow  blown  into  them  by  the  wind,  or  falling  in  the  form  of 
avalanches.  This  snow  becomes  ice  under  the  alternate  in¬ 
fluences  of  melting  and  freezing  during  the  months  of  May, 
June,  September,  and  October.  In  the  succeeding  summer 
new  crevices  are  formed,  the  glacier  advances,  and  so  on  suc¬ 
cessively.  This  progression,  therefore,  is  neither  a  slipping  nor 
a  sinking  (both  of  which  it  is  difficult  to  admit,  since  the  ice 
must  adhere  to  tlie  ground),  but  a  successive  dismemberment. 
A  comparison  will,  perhaps,  render  my  idea  more  intelligible  : 
If  we  place  a  portfolio  with  compartments  on  its  back,  and 
rest  one  of  its  sides  against  some  obstacle,  such  as  a  wall, 
we  cannot  open  it  but  by  advancing  the  opposite  side,  which 
is  alone  moveable.  The  obstacle  is  the  amphitheatre  of 
mountains  which  bounds  and  arrests  the  glacier  on  the  land 


*  M.  Biscliof  even  tries  to  prove  from  reasoning,  experiments,  and  facts, 
that  the  central  heat  of  the  earth  has  no  share  in  the  melting  of  glaciers  in 
general,  and  that  the  streamlets  which  flow  from  them  are  formed  by  the 
springs  which  rise  under  the  glaciers,  and  arc  increased  by  melting  the  ice 
in  contact  with  them.  This  would  explain  in  another  manner  why  those 
of  Spitzbergen  do  not  produce  streams,  because  no  one  has  ever  observed 
springs  in  that  island. 
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side  ;  the  intervals  which  separate  each  of  the  compartments 
are  the  crevices ;  and  the  compartments  represent  the  wedge- 
shaped  masses  of  ice,  of  which  a  certain  number  are  every 
year  swallowed  up  by  the  sea.  Is  it  necessary  for  me  to  add, 
that  this  comparison  is  not  rigorously  exact,  but  that  its  only 
object  is  to  illustrate  my  idea  \  It  is  very  evident,  for  example, 
that  the  w'edge-shaped  masses  would,  in  the  end,  totally  sepa¬ 
rate  when  the  crevices  are  tilled  and  covered  with  snow,  which 
at  a  later  period  must  be  converted  into  solid  ice. 

Another  analogy,  and  the  last  we  shall  allude  to,  exists  be¬ 
tween  the  glaciers  of  Spitzbergen  and  those  of  Switzerland. 
The  latter,  in  consequence  of  their  annual  melting,  send  to 
the  sea  great  rivers  which  maintain  the  uniformity  of  its  level. 
The  glaciers  of  Spitzbergen  contribute  to  the  same  result  by 
periodically  throwing  into  it  immense  masses  of  floating  ice, 
which  lower  the  temperature  of  the  northern  seas,  diminish 
their  evaporation,  and  render  rains  rare  and  scanty  in  regions 
situate  to  the  north  of  the  polar  circle.  If  in  these  countries, 
now  covered  with  marshes  which  the  sun  is  unable  to  dry  up, 
notwithstanding  his  long  presence  above  the  horiz^'n,  rains 
were  as  frequent  as  in  temperate  zones,  the  line  of  perpetual 
snow  would  become  still  lower,  the  marshes  woidd  continually 
increase  in  extent,  and  these  regions,  already  so  little  fa¬ 
voured  by  nature,  would  become  altogether  uninhabitable. 

Additional  Note. 

Men  of  science,  as  well  as  men  of  the  world,  have  long  been 
desirous  to  ascertain  whether  the  glaciers  of  Switzerland  are 
continually  advancing  into  the  plains,  or  whether  they  are  now 
in  the  same  place  they  occupied  many  ages  ago.  In  Norway, 
also,  a  few  documents  havejbeen  collected  on  this  subject.  As 
the  progress  of  glaciers  prevents  cultivation  in  lands  formerly 
subjected  to  it,  it  is  more  easy  to  find  proofs  of  their  advance 
than  recollections  of  their  decrease.  Acts  and  contracts 
establish  the  existence  of  a  house,  a  field,  or  a  forest ;  but 
what  interest  could  the  inhabitants  have  in  measuring  the 
extent  of  a  surface  covered  with  blocks  and  sand,  and  doomed 
to  eternal  sterility  ? 

In  regard  to  Spitzbergen,  the  data  are  still  more  uncertain ; 
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but  the  following  are  what  I  could  collect  on  the  subject. 
Our  two  pilots,  who  had  often  visited  Spitzbcrgen,  assured 
me  that  they  had'always  seen  the  glaciers  in  the  same  place. 
We  tried  to  obtain  information  of  a  more  ancient  date.  The 
lieutenant  of  the  Recherche,  M.  Delangle,  had  the  goodness 
to  lend  me  an  old  Dutch  map,  entitled  Nietirve  j4fleckning  van 
hat  Eyland  Spitzbcrgen  opgegeven  door  de  Commandeurs  Giles, 
en  Ou/ger  Hep,  en  in' t  Ugt  gelegt  en  uytgegeven  Gerard  Van 
Kculen  Bock  en  Zeekaart,  verkooper  aan  de  Nicuwenbrug,  met 
Brivilegie,  vor  15  Jaaren. 

This  map  has  no  date,  but  it  cannot  be  earlier  than  1707, 
the  time  when  Commander  Giles  discovered  the  land  which 
bears  his  name.  The  rudeness  of  the  execution  proves  that 
it  is  not  posterior  to  his  time,  unless  by  a  very  few  years.  It 
is  ill  laid  down,  but  there  is  considerable  accuracy  in  the  de¬ 
sign  of  the  coast.  Bell  Sound  is  put  down  under  the  name 
of  Bel  Bond  of  Klok  Bay  of  Willem  van  Muyens  Bay.  In  the 
place  now  occupied  by  the  great  glacier  of  Bell  Sound  a  nar¬ 
row  tongue  of  land  appears,  behind  which  is  a  creek  with  an 
anchorage,  which  bears  the  name  of  Schoone  Bay.  At  the 
bottom  of  this  bay  there  is  a  small  river  designated  the  Sar- 
dammer  Biver.  Notliing  of  this  kind  is  now  to  be  seen  at 
Bell  Sound,  the  wl.ole  of  the  part  in  question  being  occupied 
by  the  glacier.  But  we  find  other  details  which  prove  the 
accuracy  of  the  Dutch  hydrographers.  The  mountain  on 
which  we  had  established  an  observatory  is  called  Slaad-berg. 
We  recognise  the  small  island  of  Eiders,  and  the  river  Sdr- 
dam  is  perhaps  the  considerable  rivulet  which  runs  along  the 
western  side  of  the  glacier,  and  ^vhich  the  latter  may  have 
diverted  from  its  course.  We  cannot  admit  that  the  authors 
have  neglected  to  mark  the  glaciers,  for  that  of  Pointe  aux 
Renards  is  exactly  indicated. 

On  the  same  chart  the  bottom  of  the  Bay  of  Magdalena  is 
semi-circular,  as  it  would  be  if  the  glacier  did  not  advance 
into  the  sea  ;  and  we  perceive  a  small  island  to  the  north  in 
a  place  which  is  now  occupied  by  it. 

It  is  therefore  possible  that  the  glaciers  may  have  advanced 
since  the  period  when  the  coast  was  surveyed  by  the  Dutch. 
At  the  same  time,  1  do  not  grant  to  these  observations  a  confi- 
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dence  which  they  do  not  deserve  ;  but  they  have  appeared  to 
me  sufficiently  curious  to  be  noticed.  At  all  events,  the  in¬ 
crease  of  the  Spitzbergen  glaciers  cannot  be  unlimited,  for  it 
will  be  always  checked  by  the  sea,  which  continually  swal¬ 
lows  them  up  in  proportion  as  they  advance  into  it  by  de¬ 
scending  from  the  sides  of  the  mountains. 


Notice  relative  to  Long's  American  Frame- Bridge.  By  David 

Stevenson,  Civil  Engineer,  Edinburgh.  With  a  Plate. 

Communicated  by  the  Society  of  Arts  for  Scotland.* 

The  American  bridges,  as  is  generally  known,  are  construct¬ 
ed  almost  entirely  of  timber,  a  circumstance  which  is  easily  ac¬ 
counted  for  by  the  abundance  of  wood  and  the  scarcity  of  good 
materials  for  building  bridges  of  stone,  both  in  the  United  States 
and  Canada.  But  even  had  good  building  materials  been 
abundant,  the  rivers,  lakes,  and  arms  of  the  sea,  spanned  by 
the  American  bridges,  are  so  extensive  that  the  consumption 
of  time  and  money  which  would  necessarily  have  attended  the 
building  of  stone-bridges,  in  such  situations,  would  almost,  in 
every  case,  it  is  to  be  feared,  have  proved  too  great  to  warrant 
their  erection.  Under  these  circumstances,  as  is  natural  to 
suppose,  the  erection  of  timber-bridges  has  occupied  much  of 
the  attention  of  the  American  engineers ;  and  the  finest  spe¬ 
cimens  of  timber-bridge  architecture  that  I  have  met  with  are 
to  be  found  in  that  country. 

To  give  a  single  instance  of  the  extent  to  which  bridge¬ 
building  is  carried  in  America,  I  may  quote  the  dimensions  of 
the  Columbia  Bridge  over  the  River  Susquehanna  in  Pennsyl¬ 
vania,  which  I  visited  in  1837.  This  magnificent  work  con¬ 
sists  of  no  less  than  29  arches  of  200  feet  span,  and  is  support¬ 
ed  on  two  abutments  and  28  piers  of  rubble  masonry,  which 
are  founded  on  rock  at  an  average  depth  of  6  feet  below  the 

*  Bead  before  the  Society  of  Arts  for  Scotland,  15th  May  1839 ;  when  it 
was  remarked  by  Mr  Burn,  the  architect,  that  the  principle  on  which  the 
framing  of  this  bridge  is  constructed  might  be  applied  with  great  advantage 
to  many  other  purposes  than  bridges,  where  great  lightness,  combined  with 
strength  and  rigidity,  are  roqtiirctl. — J.  T. 
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sui-face  of  the  water.  The  water-way  of  the  bridge  measures 
5800  feet,  and  its  whole  length,  including  piers  and  abutments, 
is  one  mile  and  a  quarter.  The  superstructure  (consisting  of 
the  arches  and  roadway)  is  wholly  of  timber.  The  bridge  is 
supported  by  three  wooden  arcs,  forming  a  double  roadway 
which  is  adapted  to  tlie  passage  both  of  road  and  railway  car¬ 
riages.  There  are  also  two  footpaths,  which  make  the  whole 
breadth  30  feet. 

In  a  country  where  so  many  bridges  exist,  it  is  not  difficult 
to  conceive  that  their  construction  must  be  very  various,  and 
it  would  be  tedious  to  enumerate  the  different  principles  of 
construction  which' have  been  introduced  and  successfully 
practised  in  America.  Some  of  these  are  very  excellent  and 
well  adapted  to  many  situations.  So  much  is  this  the  case, 
that  having  been  consulted  lately  by  H.  F.  Brown,  Esq.  as  to 
the  erection  of  a  bridge  of  150  feet  span  for  his  cstnte  in  India, 
I  recommended  the  adoption  of  the  bridge  invented  by  Colonel 
Long  of  the  United  States  Engineers’  Corps  as  that  which, 
under  all  circumstances,  appeared  to  be  most  suitable,  and  a 
model  was  made  by  Messrs  J.  B.  Maxton  &  Co.  of  the  Leith 
Engine  Works,  from  working  drawings  furnished  by  me,  which 
was  exhibited  by  Mr  Brown’s  permission  at  a  meeting  of  the 
Society  of  Arts. 

The  model  was  constructed  on  the  s-ime  principle  as  that 
she^vn  in  Plate  VI.  Fig.  1  is  an  elevation.  Fig.  2  a  plan, 
and  Fig.  3  a  cross  section.  The  level  of  the  road  is  indicated 
by  letter  o,  b  represents  the  “  string  pieces,”  as  they  are  called 
in  America  ;  c  the  “  posts”  ;  d  the  “  mainbraces”  ;  and  e  the 
“  counter-braces.” 

The  string  pieces  are  formed  of  three  beams,  in  the  manner 
shewn  in  the  plan  and  cross  section.  The  posts  and  main- 
braces  are  in  two  pieces,  and  the  eounter-braces  are  formed 
of  a  single  beam.  Figs.  4,  5,  6,  and  7  illustrate  the  manner 
in  which  the  joining  is  formed,  at  the  points  where  the  posts 
and  braces  are  attached  to  the  string-pieces.  Figs.  4  and  5 
are  enlarged  diagrams,  shewing  the  manner  in  which  the  posts 
are  fixed  to  the  strings.  In  Fig.  4  the  strings  are  shewn  in 
section  at  letter  6,  and  the  posts  passing  between  them  at  c. 
In  Fig.  5  the  posts  are  shewn  in  section  at  c,  and  the  strings 
at  6.  Fig.  G  shews  the  manner  of  fixing  the  main  and  coun- 
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ter  braces  to  the  upper  string-piece.  In  this  diagram  h  is  the 
string,  c  the  post,  d  the  main-brace,  e  the  counter-brace,  and 
^  is  a  wedge  of  hardwood,  by  which  the  whole  woodwork  is 
tightened  up.  Fig.  7  shews  the  fixture  employed  at  the  lower 
string.  In  this  diagram  h  is  the  string,  c  the  post,  d  the  main- 
brace,  e  the  counter-brace,  g  a  wedge  of  hardwood,  and /a  block 
on  which  the  counter-brace  rests.  The  frames  are  connected 
at  the  top  by  cross  beams,  x,  and  at  the  bottom  by  the  beams, 
marked  letter  which  support  the  planking  of  the  roadway. 

The  advantages  attending  this  construction  of  bridge,  which 
is  called  in  America  “  Long’s  Frame-Bridge,”  are, 

\st,  A  comparatively  small  quantity  of  materials,  arranged 
as  shewn  in  the  plate,  possesses  a  very  great  degree  of  strength 
and  rigidity. 

2d,  The  bridge  exerts  no  lateral  thrust  tending  to  over¬ 
throw  the  piers  or  abutments,  which  may  consequently  be 
made  in  a  much  lighter  and  less  expensive  manner  than  the 
abutments  or  piers  of  arched  bridges  of  the  ordinary  construc¬ 
tion. 

3(/,  The  joinings  of  the  different  parts  of  the  bridge  are 
effected  by  the  use  of  comparatively  few  bolts  or  spikes,  a 
method  which  admits  of  its  being  very  easily  repaired  when 
decay  of  the  materials  or  other  causes  render  it  necessary. 

White  Pine  ( Finns  Slrobus ),  which  grows  in  great  ahundance 
and  perfection  in  the  United  States,  is  generally  considered 
best  suited  for  the  construction  of  frame-bridges.  This  tim¬ 
ber  is  preferred  on  account  of  its  lightness  and  rigidity,  and 
also  because  it  is  found  to  be  less  liable  to  warp  or  cast  on 
exposure  to  the  atmosphere,  than  most  other  timbers  of  that 
country. 

The  peculiarities  in  the  construction  of  this  description  of 
bridge,  and  the  manner  in  which  the  mortice  and  tenon  joints 
and  the  seats  for  the  different  wedges  are  formed,  can  best 
be  shewn  by  a  reference  to  a  model  or  working  drawings  on 
a  large  scale.  The  wedges  are  introduced  for  the  purpose  of 
tightening  the  truss-frames,  and  thereby  rendering  the  whole 
structure  stiff  and  rigid,  and  on  the  nice  fitting  of  these  wedges, 
and  mortice,  and  tenon  joints,  the  stability  and  rigidity  of  the 
structure  in  a  great  measure  depends.  In  erecting  a  frame- 
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bridge  the  several  parts  of  the  two  truss-frames  are,  in  the 
first  place,  properly  fitted  and  put  together  in  the  work-yard ; 
and  after  this  has  been  done,  and  the  beams  and  flooring  tim¬ 
bers  prepared,  and  the  abutments  built  for  the  reception  of 
the  bridge,  preparations  are  made  for  erecting  it  by  forming  a 
temporary  bridge  or  support  of  pile-work  in  the  bottom  of  the 
river  or  ravine  which  it  is  to  span.  This  support  is  construct¬ 
ed  in  a  substantial  manner,  and  raised  to  the  level  of  the  lower 
part  of  the  bridge.  When  this  has  been  done,  the  truss-frames 
are  taken  asunder  and  erected  piecemeal,  and  the  lateral  braces, 
flooring  timbers,  &c.  applied  in  the  manner  shewn  in  the 
drawings. 

The  only  peculiarity  that  remains  to  be  noticed  is  the  driv¬ 
ing  home  of  the  keys  or  wedges,  an  operation  which  is  done 
in  the  following  manner  before  the  scaffolding  is  removed : — 
Four  workmen,  two  stationed  on  each  side  of  the  bridge,  com¬ 
mence  by  driving  the  keys  of  the  posts  on  each  side  of  the 
centre  post  (taking  care  to  drive  the  keys  at  the  bottoms  of 
the  posts  first,  and  afterwards  those  at  the  tops),  and  so  ad¬ 
vancing  gradually  with  each  post  towards  the  abutments  at 
each  end  of  the  bridge.  The  counter-brace  keys  are  next 
driven  home,  and  in  doing  this  the  workmen  commence  at  the 
abutments  and  drive  regularly  along  to  the  centre  of  the 
bridge,  driving  them  as  hard  as  they  may  be  driven  without 
splitting  or  injuring  the  wood,  with  a  smooth-headed  hammer 
weighing  four  or  five  pounds.  This  operation  having  been 
completed,  the  flooring  is  put  on,  and  the  scaffolding  removed, 
when  the  bridge  is  ready  for  the  passage  of  goods  and  pas¬ 
sengers. 

In  conclusion,  I  may  remark  that  bridges  constructed  on 
this  principle,  varying  from  100  to  150  feet  in  span,  are  very 
commonly  met  with  in  the  United  States ;  and  on  the  Ameri¬ 
can  railways  I  have  crossed  bridges  of  this  construction,  va¬ 
rying  from  50  to  100  feet  in  span,  in  a  heavily  loaded  train 
drawn  by  a  locomotive  engine,  weighing  from  12  to  15  tons, 
without  observing  the  smallest  appearance  of  fracture,  or  even 
of  yielding  in  the  woodwork  of  the  bridge. 


Edinbukqu,  April  1839. 
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On  the  Tea-Plantations  in  India.* 

We  cannot  conclude  our  notice  of  the  January  number  of  the 
Edinburgh  New  Philosophical  Journal,  without  regretting  to 
see  so  much  of  its  valuable  pages  occupied  with  a  report  on  the 
manufacture  of  tea,  and  the  extent  and  produce  of  tea-planta¬ 
tions  in  Assam,  by  C.  A.  Bruce,  Superintendant  of  Tea  Cul¬ 
ture,  because  we  think  the  report  is  calculated  to  mislead  the 
public  and  occasion  disappointment,  instead  of  being  likely  to 
clear  up  any  of  those  difficulties  that  are  as  yet  to  be  over¬ 
come  before  the  Assam  Tea  Company  can  expect  to  reap  any 
return  for  the  outlay  of  capital. 

Mr  Bruce  states  that  he  submits  his  report  with  diffidence, 
having  had  something  more  than  tea  to  occupy  his  mind ; 
nevertlieless  his  knowledge  of  tea  localities  is  much  extended 
since  he  last  wrote,  embracing  no  less  than  120  different  tracts., 
some  of  them  very  extensive,  both  on  the  hills  and  in  the 
plains.  Mr  Bruce  does  not  state  that  this  number  includes 
patches  of  wild  tea-plants  found  by  Mr  Griffith  at  Cujoodoo, 
Hookuni,  and  other  places,  and  those  found  by  Captain  Han- 
nay  at  Jeypore,  and  we  believe  by  Colonel  White,  Mr  Bigge, 
and  Captain  Jenkins  at  Namroop,  Jeypore,  Boorthath,  &c., 
or  the  nurseries  cultivated  at  Suddyah  by  Captain  Charl¬ 
ton  as  early  as  1824.  We  shall  merely  endeavour  to  exa¬ 
mine  what  information  the  report  before  us  conveys  regarding 
the  existence  of  120  tea-tracts  alluded  to  above. 

Mr  Bruce,  in  crossing  a  hill  300  feet  high  at  Jeypore,  found 
a  tea-tract  which  must  be  three  miles  in  length,  as  he  could 
not  see  the  end  of  it ;  and  at  the  foot  of  this  hill  he  saw  ano¬ 
ther  tract,  which  he  had  not  time  to  explore.  He  next  found 
tea  on  Cheriedoo,  a  small  hill  close  to  the  Dacca  river,  and 
again  after  crossing  the  river,  at  a  place  called  Hauthoweah, 
near  the  old  fort  of  Ghergong.  Neither  of  these  four  places 
Mr  Bruce  had  time  to  examine,  with  a  view  to  the  collection 


*  From  No.  2  of  an  interesting  Journal  entitled  The  Calcutta  Journal  of 
Natural  Histoi^.  Conducted  by  John  M'Clelland,  Esq.  Bengal  Medical 
Service. 
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of  any  further  personal  information  than  that  which  we  have 
above  stated.  Again,  Mr  Bruce  found  tea  to  the  south-west 
of  Gabrew  ;  and  thus  the  120  localities  are  reduced  to  five,  in 
which  he  has  himself  seen  the  tea-plant  growing,  even  sup¬ 
posing  his  experience  to  be  such  as  to  render  his  mistaking 
some  other  plant  for  tea  unlikely,  which  is  by  no  means  cer¬ 
tain,  particularly  as  he  mentions  having  found  on  the  west  of 
the  Dhunseree  a  different  species  from  what  we  use,  but 
still  tea.  With  this  amount  of  new  information  Mr  Bruce 
proves  by  argument,  as  well  as  the  reports  of  natives  “  well 
acquainted  with  the  leaf,  having  been  in  the  habit  of  drinking 
tea,”  that  large  tracts  of  the  Naga  mountains  are  covered  with 
tea-plants.  On  information  not  one  whit  more  satisfactory 
than  that  on  which  Mr  Bruce  clothed  large  tracts  of  the  Naga 
mountains  with  tea-plants,  has  he  covered  a  large  portion  of 
Upper  Assam  n  ith  them,  though  we  have  no  doubt  it  will  be 
found,  after  all,  that  it  is  confined  to  a  few  limited  patches 
here  and  there,  in  various  parts  of  the  forests,  and  by  no  means 
universally  diffused  and  abundant,  as  Mr  Bruce’s  report  would 
lead  the  public  to  imagine. 

As  a  specimen  of  Mr  Bruce’s  way  of  shewing  the  extent  of 
the  wild  tea-plants,  we  may  quote  the  following: — “  In  giving 
a  statement  of  the  number  of  tea-tracts,  when  I  say  that 
Tingri,  or  any  other  tract,  is  so  long  and  so  broad,  it  must  be 
understood  that  space  to  that  extent  only  has  been  cleared, 
being  found  to  contain  all  the  plants  which  grew  thickly  to¬ 
gether  ;  as  it  was  not  thought  worth  while,  at  the  commence¬ 
ment  of  these  experiments,  to  go  to  the  expense  of  clearing 
any  more  of  the  forest  for  the  sake  of  a  few  straggling  plants. 
If  these  straggling  plants  were  followed  up,  they  would,  in  all 
2}robabilit^,  be  found  becoming  more  numerous,  until  you  found 
yourself  in  another  tract  as  thick  and  as  numerous  as  the  one 
you  left ;  and  if  the  straggling  plants  of  this  new  tract  were 
traced,  they  would  by  degrees  disappear  until  not  one  was  seen ; 
but  if  you  onlj  proceeded  on  through  the  jungle,  it  is  ten  to  one 
that  you  would  come  upon  a  solitary  tea-plant,  a  little  farther 
on  you  would  meet  with  another,  until  you  gradually  found 
yourself  in  another  new  tract,  as  full  of  plants  as  the  one  you 
had  left,  grorcing  absolutely  so  thick  as  to  impede  each  others 
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growth.  Thus  I  am  convinced  that  one  might  go  on  from  one 
tract  to  another.” 

Most  people  in  perusing  this  would  suppose  that  Assam  was 
covered  with  tea-plants,  and  that  so  far  from  Mr  Bruce  exag¬ 
gerating  in  saying  you  might  go  on  for  miles,  the  reader  would 
imagine  that  you  might  travel  from  one  end  of  Assam  to 
the  other  through  a  succession  of  tea-tracts.  For  a  tract  the 
reader  must  understand  a  patch ;  several  patches  often  occur, 
too,  in  the  same  vicinity,  and  it  is  between  these  that  strag¬ 
gling  plants  are  found.  Mr  Bruce,  however,  calls  each  of 
these  patches,  tracts  ;  and  the  common  jungle,  patches.  Thus 
he  says, — “  All  my  tea-tracts  about  Tingri  and  Kahung  are 
formed  in  this  manner,  with  only  a  patch  of  jungle  between 
them,  which  is  not  greater  than  what  could  be  conveniently 
filled  up  by  thinning  those  that  have  too  many  plants.  At 
Kahung  I  have  lately  knocked  three  tracts  into  one,  and  I 
shall  probably  have  to  continue  doing  the  same  until  one 
tract  shall  be  made  by  what  now  consists  of  a  dozen.’’  Mr 
Bruce’s  substitution  of  the  term  tract  for  what  is  in  reality  a 
mere  spot,  is  most  unfortunate  ;  and  yet  it  does  not  appear  to 
have  been  accidental,  as  he  observes, — “  I  have  never  yet  seen 
the  end  of  Juggudoo’s  tea-tract,  nor  yet  Kujudoo’s  or  Nin- 
grew’s.”  Now,  two  at  least  of  these  localities  were  visited  by 
the  Assam  deputation,  and  their  extent  measured  and  found 
to  be  very  limited,  and  not  larger  than  a  common  cottage- 
garden.  There  may  be  other  two  or  three  similar  patches  in 
the  vicinity,  but  it  appears  to  us  too  great  a  stretch  of  the 
imagination  to  say,  that  the  plants  of  these  isolated  little 
patches  “  run  over  the  hills  and  join,  or  nearly  join,”  similar 
little  spots  in  distant  parts  of  the  country ;  and  to  infer  from 
this  supposition,  that  the  whole  country  is  covered  with  tea- 
plants,  or  tea-forests,  as  they  have  been  very  improperly  styled. 
It  is  easy  to  imagine  how  Mr  Bruce  makes  up  the  number  of 
tea-districts  in  Assam  to  120,  when  every  patch  of  jungle  in 
which  a  few  plants  occur  is  considered  by  him  a  tract, 
however  closely  it  may  be  connected  with  several  other  simi¬ 
lar  little  clumps  of  plants  in  the  same  vicinity. 

Any  one  rising  from  the  perusal  of  Mr  Bruce’s  report  would 
suppose  that  Assam  is  covered  with  tea-plants,  requiring  no 
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other  cultivation  than  the  mere  destruction  of  the  surround¬ 
ing  forests.  Mr  Bruce  thinks  fire  is  as  beneficial  to  the  tea- 
plant  as  it  is  destructive  to  all  others  ;  and  that  the  only  cul¬ 
tivation  or  care  that  plant  requires  is  merely  to  burn  it  down 
to  the  roots,  by  setting  fire  to  the  forest  in  which  it  is  so  com¬ 
mon.  In  the  first  or  second  year  after  this,  Mr  Bruce  is  of 
opinion  that  we  shall  have  nothing  more  to  do  than  commence 
the  manufacture  of  tea  from  an  unlimited  stock  of  plants  ex¬ 
tended  over  120  tracts,  which  those  who  peruse  Mr  Bruce’s 
report  may  consider  equivalent  in  extent  to  as  many  districts 
or  even  counties. 

Instead  of  finding  Assam  one  extensive  tea-garden,  how¬ 
ever,  we  suspect  that  the  Tea  Company  will  find  that  be¬ 
fore  they  can  manufacture,  they  must  begin  to  plant ;  and 
that  circumspection  and  skill  will  be  required  in  the  selection 
of  the  most  suitable  lands.  We  have  so  poor  an  opinion  of 
the  extent  of  the  wild  plant,  that  we  think  it  would  hardly 
do  more  than  afford  sufficient  seed  for  new  plantations.  So 
far,  therefore,  from  all  things  being  ready  in. Assam  for  the 
extensive  manufacture  of  tea  for  commercial  purposes,  as  the 
public  are  led  to  imagine  from  the  report  of  Mr  Bruce,  we 
think  that  every  thing  is  yet  to  be  effected,  and  that  some 
time  and  money  have  been  spent  in  vain,  and  the  public  ex¬ 
posed  to  encounter  some  degree  of  disappointment,  in  conse¬ 
quence  of  Mr  Bruce’s  report  being  allowed  to  go  abroad  with¬ 
out  a  few  remarks  from  the  Tea  Committee  to  qualify  what 
appears  to  us  the  extravagant  views  contained  in  it  regarding 
the  extent  of  the  tea  localities.  With  the  Assam  tea,  as  with 
other  objects  of  popular  interest,  nothing  is  received  with  fa¬ 
vour  that  does  not  flatter  our  expeetations,  however  unreason¬ 
able  and  absurd  these  may  be  in  reality.  We  always  find  in 
the  long-run,  however,  that  w'e  have  to  pay  pretty  dearly  for 
our  indulgence  ;  for  while  few  have  the  moral  courage  to  ex¬ 
press  an  unpopular  opinion,  thousands  live  and  flourish  for  a 
time  by  the  dissemination  of  popular  error,  until  something 
happens  to  give  the  question  another  turn.  With  regard  to 
the  subject  before  us,  all  we  will  venture  to  recommend  is, 
that  such  flattering  reports  as  the  one  we  have  noticed  be  not 
allowed  to  impress  us  with  the  idea,  that  the  present  stock  of 
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wild  tea-plants  in  Assam  is  of  such  extent  as  to  afford  any¬ 
thing  like  a  return  to  the  Assam  Company.  From  what  we 
have  ourselves  seen  of  the  tea-plant  in  the  Sing-Pho  jungles, 
in  the  Muttack,  and  in  Raja  Parunder  Sing’s  territory — ^the 
only  three  tracts  in  which  it  occurs — ^the  whole  root  and  branch, 
if  converted  into  tea,  would  not  make  a  single  consignment 
such  as  would  annually  be  expected  from  the  Assam  Tea 
Company  ;  and  after  a  careful  examination  of  Mr  Bruce’s 
report,  as  it  appears  in  the  Edinburgh  Philosophical  Journal, 
we  regret  to  find  that,  in  our  opinion,  the  120  tracts  Avith 
Avhich  Mr  Bruce  has  covered  the  map  of  Upper  Assam,  are 
for  the  most  part  either  imaginary,  or  altogether  dependent 
on  native  report.  Mr  Bruce’s  adoption  of  the  term  tract  for 
each  little  patch  of  jungle  in  which  a  few  tea-plants  are  found 
assembled,  is,  as  we  have  already  stated,  enough  to  lead  to 
misconception.  It  is  not,  however,  more  objectionable  than 
the  term  tea-forests,  we  believe  applied  in  the  same  way  by 
Ur  Wallich.  In  our  own  report  we  employed  the  terms  colony 
and  locality  ;  the  latter  term  we  believe  was  adopted  by  Mr 
Griffith,  who  also  used  the  term  patch  in  preference  to  colony, 
which  was  objectionable,  inasmuch  as  it  implied  that  the 
plants  Avere  introduced  rather  than  indigenous.  We  think, 
therefore,  that  Mr  Bruce  should,  according  to  that  respect 
usually  paid  to  priority  in  such  cases,  if  not  to  avoid  the  ap¬ 
pearance  of  exaggeration,  have  employed  some  one  of  the 
above  terms  in  preference  to  tract,  Avhich  it  might  be  proper 
to  confine  to  an  assemblage  of  tea-patches,  as  the  Muttack 
tract,  Tingri  locality,  Sing-Pho  tract,  NingrcAV  locality  or 
plantation,  according  as  the  plants  may  be  of  the  Avild  or  cul¬ 
tivated  stock.  The  remainder  of  Mr  Bruce’s  report  is  chiefly 
made  up  of  details  regarding  the  manufacture  of  tea  ;  but  as 
these  are  derived  entirely  from  the  Chinamen  employed,  for 
Avhose  Avord  Mr  Bruce,  as  Avell  as  the  public,  can  have  no  se¬ 
curity,  this  part  of  the  report  is  to  be  received  Avith  some  limi¬ 
tation.  The  quality  of  the  tea  produced  will  be  the  best  cri¬ 
terion  of  the  merit  of  the  process  or  manipulation  employed. 
The  proverbial  neatness  and  delicacy  of  Chinese  execution  we 
should  have  thought  at  variance  with  the  following  part  of  the 
process  of  making  souchong,  as  given  by  Mr  Bruce  : 
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“  The  man  then  stands  up,  holding  on  by  a  post  or  some 
such  thing,  and  works  the  ball  of  leaves  under  his  feet,  at  the 
same  time  alternately  pressing  with  all  his  weight,  first  with 
one  foot,  then  with  the  other.”. . .  “  The  tea  is  taken  hot  from 
the  pan  and  packed  firmly  in  boxes,  both  hands  and  feet  being 
used  to  press  it  down,”  &c.  As  tea-drinkers  are  not  the  least 
fastidious  portion  of  the  community,  we  should  recommend 
Mr  Bruce  to  endeavour  to  introduce  a  substitute  for  the  feet 
in  these  operations. 

We  think  it  would  be  a  hardship  to  adopt  Mr  Bruce’s  advice 
with  regard  to  the  prohibition  of  opium  in  Assam.  The  As¬ 
samese  have  few  luxuries,  and  to  deprive  them  of  such  as 
they  have,  would  be  doing  them  a  very  questionable  kind  of 
service.  We  doubt  if  levying  high  duties  on  opium-land 
would  have  the  effect  of  preventing  the  cultivation  of  the 
drug :  if  the  Assamese  are  fond  of  opium  they  will  have  it, 
and  public  measures  for  putting  down  its  cultivation  and  pre¬ 
venting  its  introduction,  would  be  rather  difficult  to  enforce 
in  an  isolated  province,  surrounded  as  Assam  is  on  all  sides 
by  countries  in  which  opium  might  be  cultivated  without  re¬ 
striction.  Mr  Bruce,  however,  states,  that  a  native  of  Assam 
will  steal,  sell  his  property,  and  even  his  children  for  opium  ; 
and  as  Mr  Bruce  himself  dealt  in  the  drug  up  to  the  period  of 
his  employment  as  superintendent  of  tea  cultivation,  he  had 
doubtless  the  very  best  opportunities  of  witnessing  the  immoral 
effects  he  describes.  Let  us  hope,  however,  that  the  cultiva¬ 
tion  of  tea  will  in  that  province  be  caiTicd  on  to  an  extent  that 
will  supersede  opium  both  as  a  source  of  profit  and  luxury.  It 
will  be  our  duty  to  watch  the  progress  of  this  new  staple ; 
and  while  we  shall  hail  with  satisfaction  every  successful  step 
towards  its  introduction,  we  shall  freely  point  out  whatever 
appears  to  us  likely  to  retard  or  endanger  the  final  success  of 
the  scheme. 

Note. — We  find  the  report  published  in  the  Edinburgh  Philosophical  Jour¬ 
nal  to  be  the  same  with  that  which  appeared  in  the  Journal  of  the  Asiatic 
Society.  How  it  could  have  passed  through  the  Tea  Committee  without 
eliciting  some  observations  from  Dr  Wallich  we  cannot  imagine. 
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On  Sprinj  and  Uiver  Water,  as  connected  with  Health  and 
the  Arts. 

Many  of  our  readers  will  doubtless  remember  that  the  lovely 
city  of  Lyons, — the  ancient  Lugdunum, — when  under  the  sway 
of  imperial  Rome,  possessed  a  noble  aqueduct,  which,  from 
the  spring-head  of  Mont  Pilate,  furnished  a  superabundant  sup¬ 
ply  of  the  first  necessary  of  life  to  its  inhabitants — a  supply 
which,  when  reduced  to  a  modern  standard,  amounts  to  not  less 
than  five  millions  of  imperial  gallons  a-day.  That  invaluable 
boon  has  now,  for  many  ages,  been  suspended ;  the  colossal 
work  has  long  lain  a  ruin,  and  the  citizens  have  been  forced 
to  resort  to  the  waters  of  the  Rhone  and  the  neighbouring 
springs.  This  exchange  has  very  generally  been  believed  to 
be  attended  with  numerous  disadvantages  and  evils  ;  and  this 
circumstance  has  fortunately  induced  Professor  Dupasquier, 
one  of  the  physicians  of  the  Hotel  Dieu,  and  a  member  of  the 
Council  of  Health  in  the  department  of  the  Rhone,  to  under¬ 
take  an  extensive  and  laborious  investigation  of  the  whole 
subject,  bringing  to  its  elucidation  all  the  appliances  which 
modern  science  can  suggest.  The  results  of  this  investigation 
he  has  published  in  a  large  and  learned  treatise  which  lies  be¬ 
fore  us,*  and  in  which  he  has  arrived  at  the  conclusion,  that  it 
would  be  greatly  for  the  benefit  of  the  Lyonnais  again  to  re¬ 
sort  to  an  aqueduct — which  has  been  proposed — and  afresh  to 
obtain  from  springs,  on  the  banks  of  the  Saone,  supplies  which, 
he  believes,  would  be  scarcely  less  productive  than  the  an¬ 
cient  ones.  Much  of  the  interest  connected  with  this  impor¬ 
tant  investigation  is  necessarily  special  and  local ;  but,  on  the 
contrary,  many  of  the  results  which  have  been  obtained  are 
new  and  weighty,  and,  as  connected  with  Hygiene  and  the 
arts,  cannot  fail  to  be  interesting  to  the  physician  and  che¬ 
mist,  to  those  connected  with  the  arts,  and  the  general 
readw’ ;  and  hence  we  shall  present  a  short  analysis  of  the 
work. 

As  remarked  by  the  author,  the  vast  progress  which  has  re¬ 
cently  been  made  in  the  art  of  chemical  analysis  has  greatly 


*  Dcs  caux  dc  Source  et  des  caux  de  Kivicre,  compardes  sous  le  double 
rapport  Hygienique  ct  Industricl,  &c.  8vo,  pp.  414.  Paris  et  Lyon,  1840. 
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augmented  our  knowledge  of  the  composition  of  water.  It 
has,  however,  been  almost  exclusively  mineral  waters  which 
have  attracted  the  attention  of  chemists ;  and  the  careful  study 
of  the  more  ordinary  kinds  of  water,  whether  for  drinking  or 
employment  in  the  arts,  has  been  nearly  wholly  neglected. 
Hence,  in  the  accomplishment  of  the  task  he  had  undertaken, 
M.  Dupasquier  soon  found  that  the  most  valued  opinions  con¬ 
cerning  the  properties  both  of  river  and  spring  water  were  al¬ 
together  vague  and  unsatisfactory ;  that  so  far  as  Hygiene  was 
concerned,  no  progress  had  been  made  since  the  days  of  Hip¬ 
pocrates  ;  and  that  as  it  regards  their  employment  in  the  arts, 
and  especially  in  dyeing,  not  only  has  the  subject  been  studied 
in  the  most  superficial  manner,  but  many  gross  errors  are  still 
prevalent,'  not  only  among  the  common  workmen,  but  among 
those  scientific  individuals  who  direct  and  assist  them. 

In  endeavouring  to  supply  the  many  deficiencies  which  ex¬ 
ist  on  the  subject,  the  author  undertook  long  and  laborious  re¬ 
searches,  which  present  original  views  ;  and  he  directs  atten¬ 
tion  to  the  following  points  :  Is/,  To  the  influence,  upon  the 
animal  economy,  of  the  temperature  of  the  water  which  is 
drunk ;  2</,  To  the  utility,  in  water,  of  certain  substances 
which  are  foreign  to  its  atomic  constitution  ;  3(/,  To  the  diffe¬ 
rence  which  exists  between  the  various  salts  of  lime  found  in 
potable  waters,  as  it  respects  their  wholesomencss,  and  the 
arts;  4/A,  To  the  comparative  action  of  the  different  calcare¬ 
ous  salts  upon  soap  ;  and,  5/A,  To  the  part  assigned  by  nature 
to  the  carbonate  of  lime  in  the  process  of  digestion,  and  its  in¬ 
fluence  upon  the  colouring  principles  of  dye-stuffs. 

We  must  here  omit  all  that  the  author  has  said  respecting 
the  historical  portion  of  the  subject,  and  also  his  analysis  of 
the  various  springs  of  the  different  wells  and  fountains  of  the 
city  of  Lyons ;  but  shall  introduce  a  few  of  his  statements 
concerning  the  waters  of  the  Rhone.  This  river,  taking  its 
rise  from  one  of  the  largest  glaciers  in  Switzerland,  previous 
to  reaching  the  Lake  of  Geneva,  receives  a  large  quantity  of 
water,  which  is  produced  by  the  melting  of  the  snow  and  ice 
which  cover  the  summits  of  those  Alps  through  whose  valleys 
it  wends  its  way.  It  is  reckoned  there  are  about  forty-two 
important  glaciers  which  supply  their  contributions  to  this 
river,  including  in  this  enumeration  those  which  pour  their 
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waters  into  the  Arve,  a  tributary  joining  the  river  a  little  be¬ 
low  the  Lake  of  Geneva,  and  which  receives  the  waters  of  the 
glaciers  of  the  valley  of  Chamouni.  The  waters  of  the  Rhone 
are  considerably  augmented  during  the  heats  of  summer,  by 
the  melting  of  the  snow  ;  and  during  this  season,  the  waters  of 
the  Lake  of  Geneva  rise,  notwithstanding  its  vast  extent,  to  be¬ 
tween  six  and  eight  feet,  as  the  maximum.  This  circumstance 
distinguishes  the  rivers  of  high  mountains  from  those  which 
take  their  rise  in  less  elevated  regions  ;  whose  increase  occurs 
in  the  rainy  seasons,  and  their  greatest  subsidence  at  the  pe¬ 
riod  of  the  summer’s  heat. 

The  Rhone,  at  its  egress  from  the  Lake  of  Geneva,  where 
it  deposits  all  the  sand  and  mud  with  which  it  is  loaded  during 
its  impetuous  course  in  Le  Valais,  is  perfectly  pure  and  trans¬ 
parent.  Its  colour, — a  fine  blue,  somewhat  tinged  with  green, 
— as  is  well  known,  has  often  engaged  the  attention  of  philo¬ 
sophers,  and  several  explanations  of  the  phenomenon  have 
been  attempted.  This  lovely  hue  it  soon  loses.  Immediately 
after  passing  the  to\vn  of  Geneva,  it  receives  the  waters  of  the 
Arve,  the  torrent  which,  as  we  have  already  hinted,  comes 
from  Mont  Blanc,  and  which,  in  its  rapid  course,  passing  over 
a  bed  of  rather  decomposible  schist,  is  soon  loaded  with  fine 
mud,  which,  in  summer  especially,  darkens  its  waters,  and 
confers  on  the  Rhone  a  very  deep  greyish  tint.  Somewhat 
further  down,  the  Rhone  receives  also  the  Ain,  wdiich,  during 
its  floods,  brings  down  the  marls  and  clays  of  La  liresse,  and 
contributes  not  a  little  to  alter  its  original  limpid  purity.  Ac¬ 
cording  to  the  appearance  and  the  quantity  of  these  different 
tributaries,  the  Rhone,  in  passing  Lyons,  varies  in  its  physical 
qualities.  If  the  Arve  predominates,  it  holds  suspended  a 
greyish  sediment ;  on  the  contrary,  when  the  Ain,  swollen  by 
the  rains,  manifestly  augments  the  size  of  the  river,  its  waters 
contain  a  calcareous  argillaceous  earth,  which  communicates 
to  it  a  yellowish  tint. 

Jn  winter,  the  w'ater  of  the  Rhone  is  clear  and  almost  lim¬ 
pid  ;  in  spring,  as  soon  as  the  melting  of  the  Alpine  snows 
commences,  it  increases  in  size  and  becomes  more  muddy 
every  day  till  well  on  in  autumn,  from  which  time  it  again  de¬ 
creases,  and  gradually  becomes  qlearer,  But  its  chemical 
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constitution,  as  we  shall  by-and-by  remark,  supplies  a  result 
which  contradicts  those  conclusions  which  would  be  naturally 
drawn  from  its  physical  condition.  In  winter,  the  water  of 
the  Rhone,  when  at  its  minimum  as  to  quantity,  contains,  all 
limpid  and  blue  as  it  is,  more  of  the  salts  and  gases  in  solution 
than  in  the  greatest  heats  of  summer,  at  a  time  when  it  is 
grey  and  muddy  to  the  eye,  but  really  at  its  maximum  in  che¬ 
mical  purity. 

The  temperature  of  the  Rhone  water  rises  in  summer  to 
77“  Fahr.,  and  more.  It  has  then  an  insipid  and  disagreeable 
taste,  which  does  not  leave  it  till  it  falls  to  64°,  or  even  to  61°. 
In  winter,  the  temperature  is  sometimes  as  low  as  34°,  and  in 
the  year  1837,  when  the  temperature  at  Lyons  ranged  from 
17°  to  23°  Fahr.,  the  Rhone  water  descended  to  33°,  so  that  it 
was  within  1°  of  the  freezing  point. 

Comparing  its  composition  in  winter  and  summer,  the  fol¬ 
lowing  results  were  obtained. 


In  July  1835,  there  was  in  somewhat  more  than 

3  gallons  (15  litres).  In  February  1838, 


Gasci. 

Centilitres. 

Centilitres. 

Carbonic  acid,  . 

9.8 

27.3 

Oxygen, 

9.8 

18.6 

Nitrogen, 

17.3 

10. 

Solids. 

Grammes. 

Grammes. 

Carbonate  of  lime. 

1.51 

2.260 

Sulphate  of  lime. 

0.10 

0.293 

Chloride  of  sodium. 

a  trace 

0.101 

Chloride  of  calcium. 

do. 

0.101 

Sulphate  of  soda. 

do. 

0.103 

Sulphate  of  magnesia. 

do. 

0.103 

Organic  matters. 

do. 

.  a  trace. 

Chloride  of  magnesium,  . 

0.00 

.  do. 

In  this  table  it  will  be  observed  that  the  water  of  the  Rhone, 
in  approximating  in  winter  to  the  good  qualities  of  spring- 
water  in  its  physical  properties,  also  approximates  to  its  che¬ 
mical  combination  by  a  considerable  augmentation  of  its  gases 
and  soluble  salts. 

After  these  minute  researches  concerning  the  spring  and 
river  water  which  supply  the  wells  and  fountains  of  the  town 
of  Lyons,  M.  Dupasquier  proposes  to  resolve  the  question, 
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Whether  the  water  of  springs  is  more  valuable  than  that  of 
rivers  ?  And  on  this  point  he  regards  it  impossible  to  come 
to  any  general  conclusion,  as  every  thing  depends  upon  the  pe¬ 
culiar  chemical  and  physical  nature  of  each  separate  example. 
Thus,  the  water  of  La  liilvre  and  of  La  Heuvrone,  at  Paris, 
contain  respectively  eighteen  and  twenty-nine  times  more  sul¬ 
phate  of  lime  and  of  chlorate  of  calcium  and  magnesium  (those 
salts  which  render  wader  hard — in  other  words,  improper  for 
the  dissolving  of  soap  and  the  cooking  of  vegetables),  than  the 
water  of  the  springs  which  rise  in  the  neighbourhood  of  the 
Saone,  and  which,  it  is  proposed,  should  supply  the  wells  of 
the  city  of  Lyons.  The  water,  then,  of  the  specified  rivers 
must  be  much  inferior  in  value  to  that  of  the  fountains.  On 
the  other  hand,  the  waters  of  other  springs — and  the  author 
cites  many  examples  taken  in  the  neighbourhood  of  Lyons — 
contain  almost  a  fourfold  quantity  of  these  earthy  salts,  and 
are,  in  this  respect,  as  bad  as  the  worst  water  of  wells.  He 
concludes,  therefore,  that  you  may  have  good  and  bad  spring- 
water,  as  well  as  good  and  bad  river-water,  and  that  the  ques¬ 
tion  of  the  comparative  excellence  can  be  decided  only  a  pos¬ 
teriori,  and  this,  too,  after  you  have  first  established  li;e  cha¬ 
racter  of  good  potable  water. 

The  qualities  which  are  universally  esteemed  in  drinking- 
water  are  perfect  freedom  from  all  disagreeable  taste  or  fla¬ 
vour,  and  clearness,  and  coolness.  The  Dictionnaire  des 
Sciences  Medicates  has  the  following  definition  :  “  W ater  may 
be  considered  good  and  potable  when  it  is  cold,  clear,  with¬ 
out  odour,  when  its  flavour  is  neither  insipid  nor  disagreeable, 
nor  sharp,  nor  salt,  nor  sweetish  ;  when  it  contains  little  foreign 
matter,  when  it  contains  air  in  solution,  and  when  it  readily 
cooks  dry  vegetables.” 

The  odour  which  water  contracts,  in  those  cases  in  which  it  is 
not  owing  to  sulphur  or  some  other  active  mineral  substance, 
arises  from  the  organic  matters,  more  or  less  in  a  state  of  de¬ 
composition,  with  which  it  has  been  in  contact ;  sometimes 
also  from  turf,  or  even,  as  is  seen  in  many  localities,  from  a 
certain  quantity  of  carburetted  hydrogen  gas,  gradually  dis¬ 
engaged  from  certain  clays.  If  this  odour  is  persistent,  the 
water  should  not  be  considered  potable,  and  it  should  be  re- 
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constitution,  as  we  shall  by-and-by  remark,  supplies  a  result 
which  contradicts  those  conclusions  which  would  be  naturally 
drawn  from  its  physical  condition.  In  winter,  the  water  of 
the  Rhone,  when  at  its  minimum  as  to  quantity,  contains,  all 
limpid  and  blue  as  it  is,  more  of  the  salts  and  gases  in  solution 
than  in  the  greatest  heats  of  summer,  at  a  time  when  it  is 
grey  and  muddy  to  the  eye,  but  really  at  its  maximum  in  che¬ 
mical  purity. 

The  temperature  of  the  Rhone  water  rises  in  summer  to 
77°  Fahr.,  and  more.  It  has  then  an  insipid  and  disagreeable 
taste,  which  does  not  leave  it  till  it  falls  to  64°,  or  even  to  61°. 
In  winter,  the  temperature  is  sometimes  as  low  as  34°,  and  in 
the  year  1837,  Avhen  the  temperature  at  Lyons  ranged  from 
17°  to  23°  Fahr.,  the  Rhone  water  descended  to  33°,  so  that  it 
was  within  1°  of  the  freezing  point. 

Comparing  its  composition  in  wdnter  and  summer,  the  fol¬ 
lowing  results  were  obtained. 


In  July  1835,  there  was  in  somewhat  more  than 

3  gallons  (15  litres).  In  February  1838, 


GaiCi. 

CentUilres. 

Centilitres. 

Carbonic  acid,  . 

9.8 

27.3 

Oxygen, 

9.8 

18.G 

Nitrogen, 

17.3 

10. 

SuliJs. 

Grammes. 

Grammes. 

Carbonate  of  lime. 

1.51 

2.260 

Sulphate  of  lime. 

0.10 

0.203 

Chloride  of  sodium. 

a  trace 

0.101 

Chloride  of  calcium. 

do. 

0.101 

Sulphate  of  soda. 

do. 

0.103 

Sulphate  of  magnesia. 

do. 

.  0.103 

Organic  matters. 

do. 

.  a  trace. 

Chloride  of  magnesium,  . 

0.00 

.  do. 

In  this  table  it  will  be  observed  that  the  water  of  the  Rhone, 
in  approximating  in  winter  to  the  good  qualities  of  spring- 
water  in  its  physical  properties,  also  approximates  to  its  che¬ 
mical  combination  by  a  considerable  augmentation  of  its  gases 
and  soluble  salts. 

After  these  minute  researches  concerning  the  spring  and 
river  Avater  which  supply  the  wells  and  fountains  of  the  town 
of  Lyons,  M.  Dupasquier  proposes  to  resolve  the  question, 
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Whether  the  water  of  springs  is  more  valuable  than  that  of 
rivers  !  And  on  this  point  he  regards  it  impossible  to  come 
to  any  general  concdusion,  as  every  thing  depends  upon  the  pe¬ 
culiar  chemical  and  physical  nature  of  each  separate  example. 
Thus,  the  water  of  La  lUicre  and  of  La  Jieuvrone,  at  Paris, 
contain  respectively  eighteen  and  twenty-nine  times  more  sul¬ 
phate  of  lime  and  of  chlorate  of  caleium  and  magnesium  (those 
salts  which  render  water  hard — in  other  words,  improper  for 
the  dissolving  of  soap  and  the  cooking  of  vegetables),  than  the 
water  of  the  springs  which  rise  in  the  neighbourhood  of  the 
Saone,  and  which,  it  is  proposed,  should  supply  the  wells  of 
the  city  of  Lyons.  The  Avater,  then,  of  the  specified  rivers 
must  be  much  inferior  in  value  to  that  of  the  fountains.  On 
the  other  hand,  the  waters  of  other  springs — and  the  author 
cites  many  examples  taken  in  the  neighbourhood  of  Lyons — 
contain  almost  a  fourfold  quantity  of  these  earthy  salts,  and 
are,  in  this  respect,  as  bad  as  the  worst  Avater  of  wells.  He 
concludes,  therefore,  that  you  may  have  good  and  bad  spring- 
Avater,  as  Avell  as  good  and  bad  riA  er-Avater,  and  that  the  ques¬ 
tion  of  the  comparative  excellence  can  be  decided  only  a  pos¬ 
teriori,  and  this,  too,  after  you  have  first  established  the  cha¬ 
racter  of  good  potable  water. 

The  qualities  which  are  universally  esteemed  in  drinking- 
AA'ater  are  perfect  freedom  from  all  disagreeable  taste  or  fla¬ 
vour,  and  clearness,  and  coolness.  The  Dictionnaire  des 
Sciences  Medicates  has  the  folloAving  definition  :  “  Water  may 
be  considered  good  and  potable  Avhen  it  is  cold,  clear,  with¬ 
out  odour,  AA’hen  its  flavour  is  neither  insipid  nor  disagreeable, 
nor  sharp,  nor  salt,  nor  sweetish ;  Avhen  it  contains  little  foreign 
matter,  when  it  contains  air  in  solution,  and  AA’hen  it  readily 
cooks  dry  vegetables.” 

The  odour  Avhich  Avater  contracts,  in  those  cases  in  Avhich  it  is 
not  OAving  to  sulphur  or  some  other  active  mineral  substance, 
arises  from  the  organic  matters,  more  or  less  in  a  state  of  de¬ 
composition,  Avith  AA’hich  it  has  been  in  contact ;  sometimes 
also  from  turf,  or  even,  as  is  seen  in  many  localities,  from  a 
certain  quantity  of  carburetted  hydrogen  gas,  gradually  dis¬ 
engaged  from  certain  clays.  If  this  odour  is  persistent,  the 
water  should  not  be  considered  potable,  and  it  should  be  re- 
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jected  from  all  domestic  uses ;  often,  however,  its  presence  is 
only  accidental,  and  owinfr  to  some  casual  admixture  or  infil¬ 
tration.  The  use  of  quicklime,  thrown  in  small  quantities  into 
the  wells,  is  often  found  to  remove  this  disagreeable  adjunct. 

When  the  flavour  is  acid  and  sharp,  and  owing  to  carbonic 
acid,  the  water  need  not  be  rejected  as  impotable,  for  it  is  in 
no  way  injurious  to  the  health.  Every  other  flavour,  however, 
indicates  the  presence  of  something  noxious ;  and  it  should 
not  be  forgotten,  that  the  total  absence  of  all  flavour  is  no  cer¬ 
tain  guarantee  of  the  excellence  of  water. 

Every  kind  of  strange  colour  should  exclude  all  such  water 
from  being  employed  for  domestic  purposes,  except  in  cases 
of  absolute  necessity,  and,  in  these  instances,  it  should  be 
filtered  through  charcosil.  Thick  and  muddy  water,  however, 
often  becomes  of  excellent  quality  after  it  has  remained  in 
a  state  of  repose,  or  has  been  filtered  through  a  bed  of  sand 
or  gravel. 

As  to  temperature^  Hippocrates  says  that  the  best  water  is 
that  “  which  is  warm  in  winter  and  cold  in  summer.”  In  fact, 
nothing  is  more  disagreeable  and  more  hurtful  during  hot 
weather,  than  the  use  of  water  whose  temperature  approaches 
nearly  to  that  of  the  atmosphere.  It  appears  that,  however 
excellent  it  may  otherwise  be,  it  is  disagreeable  to  the  taste 
and  sickening ;  and  a  draught  of  it  is  not  followed  by  that 
sensation  of  refreshment  and  comfort,  nor  with  that  renewal 
of  strength  and  activity,  which  follows  drinking  cold  water. 
This  enervating  influence  of  warm  water  enfeebles  the  sto¬ 
mach  ;  and  a  great  number  of  the  diseases  which  are  com¬ 
mon  during  the  summer  may  be  attributed  to  it.  Fresh  and 
cold  water  may  be  considered,  therefore,  during  the  hot 
season,  as  one  of  the  necessaries  of  health  for  the  popula¬ 
tion  of  temperate  climates,  who  do  not,  as  in  India,  use  ac¬ 
tive  stimuli  for  the  support  of  the  digestive  powers ;  and, 
in  this  respect,  spring-water,  as  maintaining  a  more  equal 
temperature,  is  preferable  to  river-water,  which  is  much  more 
readily  affected  by  atmospheric  influence. 

As  to  chemical  composition,  water  is  light  when  it  contains 
a  s  itable  quantity  of  atmospheric  air  and  carbonic  acid  ;  it 
is  soft  when  it  does  not  hold  in  solution  a  quantity  of  cal- 
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careous  salts  sufficient  to  curdle  soap  in  water,  nor  to  har¬ 
den  the  vegetables  which  are  boiled  in  it.  In  this  latter  alter¬ 
native,  it  is  hard,  and  is  usually  regarded  as  unwholesome 
and  indigestible. 

It  must  not,  however,  be  supposed  that  water,  the  more  it 
is  chemically  pure,  that  is  to  say,  freed  from  all  foreign  ad¬ 
mixture,  is  therefore  proportionably  salubrious  and  agreeable  to 
the  taste.  This  is  far  from  being  the  case.  Distilled  water, 
which  contains  neither  salts  nor  gas,  is  both  insipid  and  dis¬ 
agreeable,  and  feels  heavy  upon  the  stomach.  In  water,  there¬ 
fore,  there  are  certain  foreign  bodies  which  are  beneficial,  and 
which  improve  its  virtues  as  a  refreshing  beverage  ;  and  there 
are  others,  on  the  contrary,  which  are  hurtful ;  and  hence  the 
importance  of  our  being  able  to  discriminate  between  the  two 
classes.  To  the  former  class  belong  atmospheric  air,  carbonic 
acid,  the  chloride  of  sodium,  and,  according  to  M.  Dupasquier, 
a  small  proportion  of  the  carbonate  of  lime  ;  to  the  latter,  the 
sulphate  of  lime,  and  the  nitrate,  also  the  chloride  of  calcium, 
so  soon  as  it  is  in  considerable  quantity,  and  all  organic  mat¬ 
ter,  especially  when  in  a  state  of  decomposition. 

It  is  scarcely  necessary  to  insist  upon  the  utility  of  air, 
or  at  least  of  oxygen,  in  water,  and  of  carbonic  acid :  the 
change  which  boiling  or  distillation  produces  in  the  agreeable 
and  wholesome  qualities  of  this  fluid  is  known  to  every  one. 
Not  so,  however,  with  regard  to  the  presence  of  carbonate  of 
lime,  which  has  hitherto  been  supposed  to  be  hurtful  ;  this  opi¬ 
nion  the  author  conceives  is  a  popular  error,  and  on  this  point 
his  views  are  new.  Here  it  is  scarcely  necessary  to  remark, 
that  the  author  excludes  from  this  favourable  judgment  all  those 
waters  which,  like  those  of  Saint  Altyre  near  Clermont,  contain 
as  much  as  15  grains  of  the  carbonate  of  lime  and  magnesia 
in  1.76  imperial  pints  ( deux  grammes  par  litre ).  The  propor¬ 
tion  in  which  he  esteems  them  useful  is  from  3  to  4  grains 
( de  0,20  d  0,25  grammes ),  in  the  same  quantity  of  water.  He 
reposes  this  conclusion  upon  the  well-known  properties  of  the 
bicarbonatis,  the  alone  state  in  which  the  great  insolubility 
of  the  carbonate  of  lime  will  allow  him  to  view  it  in  any 
water  which  promotes  digestion ;  and  he  believes  that  t'  ? 
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bicarbonate  of  lime  will  excite  the  digestive  functions,  as 
does  the  bicarbonate  of  soda,  in  water,  and  other  vehicles. 

Respecting  hurtful  substances,  the  most  common  is  gypsum, 
or  sulphate  of  lime,  which  curdles  a  solution  of  soap,  hardens 
vegetables,  and  renders  digestion  painful  and  difficult.  The 
chloride  of  calcium  and  the  nitrate  of  lime  have  the  same 
hurtful  properties. 

Organic  substances  are  so  difficult  to  demonstrate  by  the 
use  of  chemical  tests,  that  we  must  not  always  conclude  from 
the  absence  of  appreciable  characters  diluted  by  this  agency, 
that  the  water  is  pure.  On  this  point,  the  author  mentions  a 
fact  which  was  observed  at  Lyons,  in  which  the  use  of  a  well 
whose  waters,  on  analysis,  shewed  nothing  remarkable,  in¬ 
duced  an  endemic  disorder  in  the  garrison,  and  which  ceased, 
as  soon  as  they  were  discontinued.  Experiments,  therefore, 
in  such  cases,  must  be  tried ;  and  if,  as  a  general  rule,  the 
water  of  ponds  and  marshes  should  be  at  once  rejected,  still 
more  anxiously  should  we  abstain  from  those  whose  use  ap¬ 
pears  to  injure  the  health  of  the  inhabitants  who  live  in  the 
neighbourhood. 

As  it  regards  the  arts,  that  water  is  usually  considered 
unobjectionable  which  is  esteemed  a  good  drinking  water ; 
but,  moreover,  certain  considerations  should  be  kept  in  view, 
depending  upon  the  particular  aid  in  which  it  is  employed. 

In  dyeing,  for  example,  clearness  is  an  essential  quality  to 
the  purity  of  colours,  and  especially  of  the  more  delicate  hues. 
It  has  been  remarked  at  Lyons,  that  tho.se  white  silks  which 
arc  prepared  with  the  river-water  are  inferior,  as  to  bright¬ 
ness  and  purity,  to  those  which  have  been  bleached  with 
spring-water.  It  is  also  regarded  as  indispensable  that  the 
water  intended  for  bleaching,  should  not  contain  too  great  a 
quantity  of  calcareous  salts  ;  as  then  they  will  cause  the  soap 
to  curdle,  and  thus  not  only  will  occasion  waste,  but  these 
flakes,  by  attaching  themselves  to  the  silk,  wool,  or  cotton, 
will  hinder  the  bleaching  of  the  parts  which  are  thus  enve¬ 
loped,  and  render  the  influence  of  the  soap  incomplete. 

One  remark  made  by  the  author  is  alike  curious  and  inte¬ 
resting  :  it  is,  that  the  carbonate  of  lime  held  in  solution  in 
water,  in  those  proportions  in  which  it  is  found  in  good  drinking 
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waters,  has  not,  like  other  calcareous  salts,  the  property  of 
precipitating  the  solution  of  soap.  M.  Dupasquier  attributes 
this,  effect  to  the  excess  of  carbonic  acid,  which  hinders  the 
reaction  of  the  calcareous  carbonate  upon  the  stearate  and 
oleatc  of  soda,  which  form  soap.  He  has  proved  this  inte¬ 
resting  fact  by  numerous  experiments,  which  he  describes  in 
detail,  and  from  which  it  results  that  there  must  be  in  water 
a  proportion  of  this  salt  almost  six  times  greater  than  that 
which  exists  in  common  spring  water,  before  a  sensible  effect 
will  be  deteeted  in  the  solution  of  soap.  Another  important 
remark  is  this,  that  for  dyeing  it  is  serviceable  to  employ  water 
whose  inherent  temperature  remains  throughout  the  winter  as 
far  as  possible  from  the  freezing  point.  In  this  state  it  is  more 
active  in  its  dissolving  powers,  both  in  washing  and  bleaching, 
and  also  in  removing  the  soluble  colours  which  are  intended 
to  be  retained  by  means  of  a  mordant.  The  influence  of  the 
calcareous  salts  contained  in  w'ater  upon  colours  is  remark¬ 
able.  They  heighten  their  intensity  without  altering  their 
freshness  and  tint.  Hence  the  dyers  at  Lyons  prefer  spring- 
waters,  and  ascribe  to  their  virtues  a  considerable  diminution 
of  the  required  dyes.  It  is  striking  that  they  have  no  such 
influence  upon  the  different  shades  of  black,  and  that  the  soft¬ 
est  waters  are  accordingly  preferred  for  this  hue. 

In  the  following  chapters,  the  author  compares  the  advan¬ 
tages  and  disadvantages  accruing  to  Lyons  from  the  employ¬ 
ment  of  the  water  of  the  Rhone,  and  that  of  the  springs  whose 
properties  he  has  so  carefully  examined.  He  does  not  hesi¬ 
tate  to  give  the  preference,  as  it  regards  cleaimess,  to  the 
spring-water,  for  it  has  it  in  perfection  ;  whilst  the  water  of 
the  Rhone,  after  ten  days’  repose,  has  not  deposited  all  its  se¬ 
dimentary  matter ;  and  none  of  the  known  systems  of  infiltra¬ 
tion  can  effect,  without  enormous  expense,  a  sufficient  purifica¬ 
tion  of  the  1,500,000  or  2,000,000  gallons  of  water,  which  the 
city  requires.  The  author  lias  even  remarked  that  the  Rhone 
water.  Altered  in  an  apparatus  at  the  Great  School,  contains 
more  earthy  salts  than  the  water  taken  from  the  stream,  and 
filtered  through  paper.  Hence,  it  is  probable  that  in  the  pres¬ 
sure  employed  in  the  operation,  the  earthy  matters  which  are 
deposited  become  more  soluble.  The  foreign  matter  which 
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the  Rhone  contains  at  Lyons  is  very  considerable  in  amount. 
Experiments  made  in  the  year  1839  gave  the  following  re¬ 
sults. 

QuantitT  of  dr;  reRiduiim, 
per  I.7C  ll>.  (per  litre). 

First  Experiment — The  flood  of  the  river  being  ad¬ 
vancing,  . 12  grains. 

Second  Experiment — Tiie  flood  of  the  river  being  at  its  maxi¬ 
mum,  . 18  grains. 

Third  Experiment — The  flood  past  and  the  river  diminishing,  7  grains. 

Thus,  at  the  maximum  of  the  flood,  the  quantity  of  mud  to 
be  separated  from  the  1,500,000  gallons  of  water  regarded 
necessary  every  twenty-four  hours,  would  be  about  22,000 
pounds  (8800  kilogrammes)  ;  and  it  is  not  easy  to  comprehend 
how  the  filters  could  be  cleared  out.  If  estimated  by  volume, 
it  would  amount  to  about  1250  cubic  feet  of  solid  matter  per 
diem. 

The  process  of  natural  infiltration  across  the  soil  on  the 
margin  of  the  river,  and  of  the  great  drain-wells  whence  the 
water  is  procured,  which  appears  sat  first  sight  as  the  most 
convenient,  has  the  disadvantage  of  decidedly  diminishing  the 
purity  of  the  water.  Thus,  the  author  has  found  that  the 
wells  which  are  at  the  distance  of  from  fifteen  to  twenty  yards 
from  the  bed  of  the  Rhone,  supply  water  which  contained  cal¬ 
careous  sulphates  and  chlorides,  and  decomposed  the  solution 
of  soap. 

A  preference  is  also  due  to  spring-water  on  the  score  of 
temperature.  Such  water  may  run  for  a  great  distance  over 
the  surface,  without  losing  much  of  that  equality  of  tempera¬ 
ture  which  makes  it  cool  in  summer  and  warm  in  winter. 
The  author  quotes,  in  reference  to  this  curious  subject,  the 
Lavosne  spring  at  Neuville,  which  takes  two  hours  and  forty- 
four  minutes  to  reach  the  Saone,  and  whose  waters,  neverthe¬ 
less,  never  freeze,  even  urder  the  most  intense  cold  ;  and,  on 
the  other  hand,  arc  never  heated  more  than  five  or  six  degrees 
Fahr.  above  their  original  temperature. 

The  water  of  the  Rhone,  which  at  Lyons  varies  very  much 
as  the  atmosphere  does,  never  seems  decidedly  to  cool  down  in 
its  passage  through  the  pipes  of  the  conduit,  by  which  it 
reaches  the  wells  and  fountains.  Thus  in  1839,  from  the 
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17th  to  the  25th  of  June,  the  mean  temperature  of  the  water 
of  the  Rhone  had  been,  in  the  stream,  74°  Fahr. ;  in  the  well 
of  the  Botanic  Garden,’a  covered  reservoir,  where  it  continues 
for  a  time,  it  was  as  high  as  77° ;  and  in  the  fountains  which 
this  reservoir  feeds,  it  was  found,  according  to  the  distances, 
at  72°,  70°,  and  68°,  the  distance  in  the  last  case  being  about 
1600  yards.  Hence,  it  can  scarcely  be  expected  that,  by  any 
subterranean  transit  through  pipes  or  otherwise,  the  tempera¬ 
ture  of  water  will  be  materially  improved. 

From  the  marked  superiority  which  the  spring-water  on 
the  margin  of  the  Saone  possesses  over  the  water  of  the  Rhone, 
in  the  important  points  both  of  clearness  and  temperature,  and 
the  trifling  importance  he  assigns  to  the  presence  in  these 
springs  of  a  small  quantity  of  the  carbonate  of  lime,  which,  in 
fact,  is  advantageous,  M.  Dupasquier  gives  it  as  his  mature 
and  decided  opinion  that  the  former  should  be  employed  for 
the  supply  of  Lyons.  This  leads  to  a  discussion  on  the  pro¬ 
bability  of  the  obstruction  of  the  conduits  by  ferruginous 
depositions  or  calcareous  incrustations,  and  he  concludes  that 
all  this  might  be  prevented  by  constructing  great  earthen 
tanks,  through  which  the  water  would  needs  pass  before  it 
entered  the  pipes  ;  or  that,  by  effectually  excluding  the  atmo¬ 
spheric  air,  the  water  might  maintain  its  primitive  composition 
and  have  little  or  no  tendency  to  deposit  foreign  matter. 

Desirous  of  elucidating,  as  far  as  possible,  the  comparative 
value  of  spring  and  river  w'ater,  in  so  far  as  the  question  in¬ 
volves  the  public  health,  M.  Dupasquier  thought  of  more  par¬ 
ticularly  examining  the  organic  matter  which  they  contained. 
In  all  the  specimens  submitted  to  examination,  chemical  in¬ 
vestigation  exhibited  traces  of  an  animo-vegetable  substance, 
but  without  yielding  any  more  satisfactory  result.  This  sug¬ 
gested  the  propriety  of  having  recourse  to  the  microscope ; 
and  for  the  avoiding  of  the  many  illusions  inseparable  from 
such  investigations,  the  author  obtained  the  assistance  of  Dr 
Donne,,  already  favourably  known  for  his  microscopic  labours. 
The  following  are  the  principal  results  he  obtained. 

1^^,  In  winter  1839,  at  a  temperature  below  the  freezing^ 
point,  the  Rhone  being  at  its  minimum  of  volume  and  in  its 
state  of  greatest  clearness,  water  taken  from  the  current  ex- 
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hibited  only  a  few  rare  infusoria  and  a  small  quantity  of  mat¬ 
ter  of  vegetable  origin.  The  substances  belonging  to  both 
kingdoms  augmented  rapidly,  however,  with  the  thaw,  and  this 
when  the  specimens  were  taken  from  the  current,  as  well  as 
from  the  wells  fed  by  natural  infiltration.  2d,  At  this  epoch, 
spring  water  contained  much  less  of  the  organic  substances 
than  the  water  of  the  Rhone,  and  less,  too,  the  nearer  it  was 
procured  to  the  spring-head  itself.  3</,  The  same  results  were 
obtained  in  the  season  of  spring,  with  the  temperature  vary¬ 
ing  from  54°  to  50°  Fahr.  4///,  In  summer,  in  the  month  of 
June,  with  the  temperature  ranging  from  77°  to  80°,  the  wa¬ 
ters  of  the  Rhone  and  those  pi’ocured  from  springs  contain, 
nearly  to  the  same  extent,  an  immense  number  of  infusoria 
and  microscopic  vegetables. 

Hence  it  follows,  Is^,  That  the  Rhone  is  at  its  maximum 
of  purity,  in  respect  to  the  organic  matter  it  contains,  when 
the  air  has  been  for  some  time  at  a  temperature  below  zero. 
2d,  That  the  water  of  the  several  springs  is  in  its  best  condi¬ 
tion,  so  far  as  it  relates  to  this  matter,  in  the  springs  where 
they  first  see  the  light,  and  that,  in  all  seasons,  they  are  as  free 
of  animo-vege  table  matter  at  their  origin,  as  is  the  water  of  the 
Rhone  in  the  depth  of  winter.  And  Zd,  That  on  this  point, 
there  is  an  evident  superiority  of  spring-water  over  river-wa¬ 
ter,  a  circumstance  which  is  very  readily  explained  by  the  in¬ 
numerable  causes  of  contamination  which  occur  in  many  lo¬ 
calities  through  which  streams  flow. 

In  respect  to  chemical  composition,  M.  Dupasquicr  main¬ 
tains  that  there  is  an  advantage,  both  for  the  preservation  of 
health  and  the  successful  prosecution  of  various  arts,  in  water 
not  undergoing  great  and  sudden  changes.  He  conceives  that 
the  health  of  many  may  be  injured,  and  the  success  of  various 
delicate  operations  in  the  arts  prevented,  by  a  change  in  the 
chemical  nature  of  potable  water.  Spring-water,  therefore, 
which  at  all  seasons  has  presented  a  great  uniformity  of  com¬ 
position,  is,  in  these  respects,  preferable  to  the  water  of  the 
Rhone,  whose  chemical  composition  varies  rapidly,  according 
as  its  stream  is  principally  supplied  by  its  different  feeders, 
taking  their  origin  in  such  different  localities,  and  more  es¬ 
pecially  as  manifested  in  the  changes  of  winter  and  summer. 
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as  has  been  above  explained.  On  all  these  grounds,  whilst 
the  author  admits  that  the  Rhone  water  is,  at  Lyons,  a  very 
potable  water, — especially  when  it  has  undergone  the  process  of 
purification, — yet  he  must  assign  a  decided  preference,  for  all 
domestic  purposes,  to  the  springs  on  the  margin  of  the  Saone. 

The  important  subject  of  the  application  of  water  to  various 
arts,  and  more  especially  to  the  dyeing  of  silks,  the  chief  of 
the  manufactures  at  Lyons,  leads  to  a  number  of  not  less  cu¬ 
rious  remarks.  M.  Dupasquier  publishes  a  letter,  signed  by 
seventy-five  of  the  dyers  of  Lyons,  who  have  all  remarked  that 
there  is  a  marked  superiority  in  good  spring-water  over  the 
Rhone  water  in  the  dyeing  of  silk.  The  calico-printers,  also, 
whose  establishments  are  in  the  vicinity  of  copious  streams, 
have  stated  that  their  dye-stuffs  were  not  only  more  beautiful, 
but  went  much  farther  than  they  did  on  the  banks  of  the  Rhone, 
where  they  had  formerly  been  situated.  They  also  remark  that, 
in  their  new  circumstances,  bleaching  is  improved,  and  that  the 
steadiness  of  temperature  is  much  more  favourable  to  dyeing 
and  the  printing  of  goods,  than  the  variety  of  execution  which 
attended  upon  the  changes  of  the  river-w'ater  w'hen  frozen  in 
winter  and  parboiled  in  summer.  This  last  advantage  is  so 
great,  that  some  of  the  calico-printers  on  the  banks  of  the 
Rhone  carry,  in  summer,  the  valuable  goods  they  have  to  dye 
to  a  distance  of  about  two  leagues,  that  the  operation  may  be 
carried  on  with  spring-water,  whose  temperature  and  clearness 
are  not  liable  to  change.  We  may  add,  that  the  presence  of 
calcareous  salts  in  the  water  employed  for  the  dyeing  of  silk  is 
so  indispensable, — and  especially  for  the  preservation  of  va¬ 
rious  shades  of  white,  that  the  eminent  dyers  of  Saint  Etienne, 
who,  on  their  premises,  can  command  only  the  very  pure  wa¬ 
ters  of  Furens,  send  to  Lyons,  a  distance  of  fifteen  leagues,  to 
the  establishments  close  to  the  calcareous  springs,  all  the  silks 
which  are  intended  for  white  fabrics ;  and  for  this  kind  of  work 
these  establishments  have  a  kind  of  monopoly. 

Wholly  independent  of  these  facts  founded  upon  the  prac¬ 
tice  and  observation  of  the  manufacturers,  M.  Dupastjuier  has 
made,  both  personally  and  in  the  presence  of  many  practical 
and  expert  dyers,  comparative  experiments  upon  the  colouring 
and  dyeing  properties  of  decoctions  of  various  dye-stuffs,  ia 
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e<iual  quantities  of  spring-water,  Rhone-water,  and  distilled 
water ;  and  has  invariably  found  that  the  result  of  the  boiling 
during  the  same  length  of  time,  and  in  the  same  proportion  of 
the  dye-stuff,  was  of  a  deeper  and  more  beautiful  hue  in  the 
spring-water  than  in  the  Rhone-water,  and  in  this  latter  than 
in  distilled  water.  The  quantity  of  the  colour  extracted 
seemed  to  be  in  inverse  ratio  to  the  purity  of  the  water  used. 

It  was  only  natural  to  infer  that  this  interesting  and  remark¬ 
able  event  was  owing  mainly  to  the  presence  of  the  calcareous 
salts  of  the  different  specimens  of  water  subjected  to  trial,  and 
it  was  not  a  matter  of  much  difficulty  to  determine  by  direct 
experiment  to  which  of  the  salts  contained  in  these  waters  the 
effect  was  principally  to  be  attributed.  Accordingly,  M.  Du- 
pasquier  undertook  a  careful  investigation  of  the  subject.  He 
prepared  solutions  in  distilled  water  of  each  of  the  salts  con¬ 
tained  either  in  the  waters  of  the  springs,  or  of  the  Rhone,  and 
after  having  boiled  each  of  the  dyes  previously  examined  in 
distilled  water,  he  observed  the  effect  which  the  solution  of 
each  of  the  salts  produced  upon  these  decoctions.  After  all 
these  experiments,  of  which  the  author  furnishes  a  detailed 
table,  it  most  decidedly  appears  that  the  carbonate  of  lime  is 
the  only  substance  which  increases  the  intensity  of  the  colour 
of  dyes ;  that  the  sulphate  of  lime,  the  chloride  of  calcium, 
and  the  sulphate  of  magnesia,  are  either  inoperative,  or  only 
more  or  less  change  the  peculiai*  colouring  properties  of  the 
dye ;  and,  finally,  that  carbonic  acid,  when  it  acts — and  it  does 
so  only  on  a  few  colours — has  only  a  trifling  agency,  slightly 
lightening  the  shade. 

But  not  only  does  the  carbonate  of  lime  act  upon  the  colour 
by  brightening  its  hue,  but  it  also  appears  to  facilitate  its  solu¬ 
tion  in  water,  for  this  solution  is,  upon  its  addition,  effected 
more  quickly  and  in  greater  abundance.  This  result,  we  need 
scarcely  add,  perfectly  harmonizes  with  the  practical  experi¬ 
ence  of  dyers,  who  reckon  that  to  obtain  a  given  hue,  a  fifth 
less  of  the  dye  suffices  when  spring-water  is  employed  instead 
of  river-water. 

In  a  final  summary,  in  which  he  briefly  recapitulates  all  the 
considerations  which  point  out  the  marked  superiority  of  the 
spring-water  on  the  banks  of  the  Saone  to  the  Rhone  water,  as 
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a  potable  beverage,  fair,  on  the  whole,  as  this  may  he,  M.  Du- 
pasquier  expresses  his  ardent  desire  that  the  project,  alluded 
to  at  the  commencement  of  this  paper,  of  introducing  these 
springs  by  means  of  an  aqueduct,  which  would  supply  the 
wells  of  Lyons,  might  he  carried  into  execution  ;  for  he  con¬ 
siders  the  scheme  as  Lighly  calculated  both  to  improve  and 
corroborate  the  health  of  all  classes  of  his  fellow-citizens,  and 
also  to  contribute  greatly  to  the  maintaining  of  the  reputation 
and  advancing  the  superiority  of  their  valuable  manufactures. 


On  an  Erroneous  Deduction  drawn  hy  the  late  Captain  Henry 
Kater  from  his  Experiment  on  the  Flexure  of  Thin  Bars. 
By  Edward  Sang,  Esq.  Actuary,  Edinburgh,  M.  S.  A. 
Communicated  by  the  Society  of  Arts  for  Scotland.* 

In  June  1830,  Captain  Kater  read  before  the  Royal  So¬ 
ciety  of  London  a  paper  on  the  Error  in  Standards  of  Linear 
Measure,  arising  from  the  thickness  of  the  bar  on  which  they 
are  traced.  This  error  he  states  to  have  been  discovered  by 
him  during  the  adjustment  and  verification  of  the  copies  of 
the  imperial  standard  yard  destined  for  the  Exchequer,  Guild 
hall,  Dublin  and  hMinburgh  ;  and  he  also  states  his  belief,  that 
the  source  of  this  error  was  previously  wholly  unsuspected. 

On  perusing  the  paper,  it  is  found  that  the  error  in  ques¬ 
tion  arises,  not  from  the  thickness  of  the  bar,  but  from  its 
flexure  or  change  of  shape  ;  and,  with  all  due  deference  to  the 
authority  of  Captain  Kater,  and  the  silence  of  the  Royal  So¬ 
ciety  of  London,  it  is  my  distinct  conviction  that  the  change 
of  dimension  induced  by  mechanical  agency  was  known  very 
long  ago,  and  particularly,  that  the  very  amount  of  change  in 
the  case  before  us  could  have  been  computed  beforehand  by 
help  of  formuhe  known  since  the  days  of  the  Bernouillis. 
The  anachronism  of  the  discovery,  however,  is  not  that  point 
to  which  I  wish  to  draw  the  attention  of  the  Society  of  Arts  : 
I  notice  it  merely  because  its  occurrence  may  serve  to  explain 
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other  errors  more  vitally  affecting  the  progress  of  mechanical 
science. 

When  a  rod  is  slightly  bent,  one  side  of  it  is  distended,  and 
the  other  side  is  compressed,  so  that  between  the  two  there 
must  exist  a  locus  of  no  compression  and  of  no  distension :  it 
had  hitherto  been  believed  that  this  locus  is  in  the  middle  of 
the  bar,  but  Captain  Kater  has  in  this  paper  announced  a  new 
doctrine,  viz.,  that  the  neutral  plane  is  nearer  to  the  convex 
surface  of  the  bar,  its  distance  from  that  surface  being  scarcely 
one-third  part  of  the  whole  thickness. 

If  this  inference  be  correct,  it  must  follow  that  solid  bodies 
resist  distension  with  an  energy  eight  times  greater  than  that 
with  which  they  resist  compression.  Yet  all  the  experiments 
which  have  been  made  on  this  subject  go  to  shew  that,  to  mo¬ 
derate  compressions  and  distensions,  the  resistances  arc  alike, 
but  that,  on  being  pushed  nearly  to  the  destruction  of  the  sub¬ 
stance,  the  resistance  to  compression  seems  to  be  rather  the 
greater  of  the  two. 

The  discrepancy  between  these  results  and  that  of  Captain 
Kater  is  so  great  as  to  leave  no  doubt  on  the  mind  that,  in 
one  set  of  observations  or  in  the  other,  some  important  over¬ 
sight  has  been  committed ;  and  I  now  proceed  to  shew  that 
the  oversight  has  been  entirely  on  the  side  of  the  Captain. 

When  a  thin  bar  is  slightly  bent,  a  shortening  must  take 
place  in  the  distance  between  the  two  extremities  of  the  neu¬ 
tral  plane,  since  the  straight  line  is  shorter  than  the  curved 
one  ;  but  the  distance  between  two  points  on  the  upper  sur- 
ace  will  be  augmented  or  diminished  according  to  circum¬ 
stances.  Thus,  if  the  upper  surface  be'  distended,  and  if  its 
distension  be  greater  than  the  shortening  due  to  the  curvature 
merely,  an  increase  in  the  distance  will  be  observed  ;  while, 
when  the  upper  surface  is  compressed,  a  shortening  will  ap¬ 
pear  equal  to  the  sum  of  the  shortening  due  to  curvature,  and 
of  the  shortening  due  to  compression.  So  that,  in  order  to  ob¬ 
tain  the  effects  due  to  compression  or  distension  alone,  the 
shortening  arising  from  curvature,  or,  as  it  is  called,  the  re¬ 
duction  of  the  arc  to  its  chord,  must  be  allowed  for.  This  al¬ 
lowance  has  been  made  by  Captain  Kater,  and  although  in 
this  he  hiis  committed  a  treason  against  the  laws  of  geometry, 
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the  amount  of  the  allowance,  in  any  case,  is  too  small  to  have 
led  to  the  mistake  with  which  I  have  immediate  concern. 
The  mere  effect  of  cimvature,  then,  being  supposed  to  be  eli¬ 
minated,  there  will  remain  the  effects  of  compression  or  dis¬ 
tension. 

Taking  a  very  crude  view  of  the  state  of  a  bent  bar,  we  may 
assume,  that  lines  draAvn  originally  perpendicular  to  its  length 
when  straight,  remain  normals  to  its  surface  when  bent. 
Crude  though  this  view  may  be,  it  affords  a  sufficient  approxi¬ 
mation  for  my  present  purpose.  We  may  then  regard  the  two 
dots  on  which  the  observations  are  made,  as  supported  on  two 
pillars  resting  on  the  locus  of  neutrality  ;  and  the  distance  be¬ 
tween  those  dots  (the  reduction  of  the  arc  to  its  chord  having 
been  allowed  for)  will  be  changed  by  a  quantity,  the  product 
of  the  height  of  the  pillars  by  the  sine  of  the  inclination  of 
each  end  of  the  bent  bar. 

Now,  when  the  bar  was  supported  in  the  middle,  and  its 
ends  allowed  to  hang  down,  the  lengthening  was  found  to  be 
scarcely  half  of  the  shortening  obtained  by  supporting  the 
ends  and  allowing  the  middle  to  be  depressed,  the  versed  sine 
of  the  arc  being  the  same  in  both  cases.  Therefore,  concludes 
Captain  Kater,  the  height  of  the  pillars  in  the  one  case  must 
be  scarcely  half  of  the  height  of  the  pillars  in  the  other  :  that 
is  to  say,  the  neutral  plane  must  be  twice  as  far  from  the  con¬ 
cave  as  from  the  convex  surface. 

It  must,  however,  be  clear  to  any  one  who  bestows  a  single 
thought  upon  the  subject,  that,  since  the  half  shortening  or 
lengthening  is  the  product  of  the  distance  of  the  neutral  plane 
by  the  sine  of  the  inclination,  the  comparison  of  the  shorten¬ 
ing  with  the  lengthening  cannot  exhibit  the  relative  dis¬ 
tances  of  the  neutral  planes  in  the  two  cases,  unless  the  incli¬ 
nations  of  the  curve  be  alike.  Captain  Kater  has  reasoned  as 
if  the  curve  in  the  one  case  were  a  copy  of  the  curve  in  the 
other ;  but  unfortunately  for  his  logic,  the  two  forms  of  the 
curve  are  essentially  different,  as  may  be  known  from  the  peru¬ 
sal  of  the  works  of  any  respectable  writer  on  flexure.  When 
a  bar  whose  half  length  is  is  supported  by  its  middle,  the 
depression  of  the  end  is  5/',  multiplied  by  a  certain  constant  de¬ 
pending  on  the  nature  of  the  material  and  thickness  of  the  bar, 


324 


Mr  Sang  on  Captain  Kater's  Experiment 

while  the  inclination  of  the  extremity  is  ^  i®  multiplied  by  the 
same  constant.  But  when  the  same  bar  is  supported  at  the 
ends,  the  depression  of  the  middle  is  proportional  to  while 
the  inclination  at  the  extremity  is  as  Hence,  from  what 
was  previously  well  known,  it  turns  out  that  the  inclination  in 
the  one  set  of  experiments  is  exactly  double  that  in  the  other, 
so  that,  supposing  this  ratio  of  one  to  two  to  have  been  found 
experimentally,  we  ought  to  have  concluded  that  the  plane  of 
neutrality  is  equidistant  from  the  two  surfaces  of  the  bars. 
Captain  Kater’s  experiments,  therefore,  so  far  as  they  go,  con¬ 
firm  the  truth  of  the  old  doctrine,  and  refute  this  new  one  pro¬ 
pounded  by  himself. 

This  result  has  been  obtained,  by  taking,  as  I  have  said,  a 
very  crude  view  of  the  state  of  a  bent  rod.  Let  us  conceive 
the  rod,  while  straight,  to  have  been  marked  off  into  a  multi¬ 
tude  of  rectangular  portions  :  these  rectangles  have  been  sup¬ 
posed  to  change  into  trapeziums  by  the  flexure.  This  suppo¬ 
sition  is,  however,  but  a  rough  approximation,  barely  admis¬ 
sible  in  the  case  of  a  thin  bar,  very  slightly  bent.  The  true 
form  of  the  rectangular  portions  of  a  solid,  after  that  solid  has 
been  subjected  to  pressure,  is  yet  unknown  ;  the  want  of  that 
knowledge  being  one  of  the  obstacles  to  the  farther  advance¬ 
ment  of  this  branch  of  mechanical  science.  Seeing,  then,  the 
nicety  of  the  instruments  with  which  Captain  Kater  wrought, 
and  the  evident  care  which  he  had  taken,  I  was  in  the  hope  of 
eliciting  some  information  on  this  point  from  his  experiments  ; 
and,  with  this  view,  commenced  a  minute  discussion  of  them. 
But  at  the  very  threshold  of  the  inquiry,  difficulties,  most  un¬ 
expected  in  such  a  quarter,  at  once  arrested  my  progress. 

In  making  the  reduction  of  the  arc  to  its  chord,  I  found 
that  Captain  Kater  had  used  some  processes  quite  as  startling 
as  the  proposition,  the  fallacy  of  which  I  have  just  exposed. 

Some  of  the  bars  on  which  he  experimented  were  longer 
than  others,  while  the  distance  between  the  dots  was  in  all 
cases  nearly  the  same,  viz.  36  inches.  The  difference  be¬ 
tween  the  whole  arc  and  its  chord  having  been  computed,  the 
reduction  of  the  observed  arc  to  its  chord  was  thence  found 
by  direct  proportion.  Thus  the  reduction  on  an  arc  of  60 
inches  having  beeucomputed  at  .0004000,  that  of  a  portion  of 


325 


on  the  Flexure  of  Thin  liars, 

the  same  arc  36  inches  long,  is  put  down  .000240 ;  by  the  gol¬ 
den  rule  60  :  36  : :  400  :  240.  Admitting  the  truth  of  this 
entirely  new  doctrine,  it  would  be  very  easy  to  prove  that  a 
crooked  line  is  no  longer  than  a  straight  one  having  the  same 
terminations.  The  question  might  here  present  itself  to  the 
anthropologist,  how  it  is  possible  that  an  intellect  capable 
of  computing  the  reduction  of  any  arc  to  its  chord,  could 
have  entertained  for  one  single  instant  such  an  idea  ?  But, 
seriously,  every  tyro  in  trigonometry  is  acquainted  wdth  the 
equation,  sin  x—x=:^x^—  a;®+  &c.,  from  which  it  is  pretty 

clear  that  the  reductions  arc  as  the  cubes  of  the  lengths  of 
the  arcs  at  least,  and  that,  therefore,  the  reduction  .000240 
ought  to  have  been  .000086.  But  even  this  method  of  reduc¬ 
tion  is  inapplicable,  for  the  curve  is  not  circular,  and  the  re¬ 
duction  on  one  part  of  it  is  not  equal  to  that  on  another  ;  nei¬ 
ther  indeed  is  the  reduction  when  the  curvature  is  upwards 
necessarily  equal  to  the  reduction  when  the  curvature  is  down¬ 
wards. 

From  this  specimen,  it  is  quite  clear  that  no  dependence  can 
be  placed  in  any  results  at  Avhich  Captain  Kater  may  have  ar¬ 
rived  by  computation,  an  error  of  this  kind  in  a  matter  so 
purely  elementary  leaving  room  for  the  expectation  of  other 
blunders  in  simple  matters.  Perhaps,  in  the  estimation  of  the 
value  of  his  micrometric  divisions,  similar  mistakes  may  have 
been  committed.  Nor,  in  looking  more  closely  at  the  manage¬ 
ment  of  the  experiments,  is  this  feeling  of  insecurity  at  all 
lessened,  for  it  is  found  that  Captain  Katcr’s  idea  of  straight¬ 
ness  led  him  to  adopt,  as  the  best  attainable  straight  rule, 
a  steel  harpsichord  wire  stretched  by  a  bow ;  and  that  he 
placed  the  Avhole  weight  of  the  micrometer  apparatus  upon 
the  bar  whose  flexure  he  was  examining. 

It  is  almost  needless  for  me  to  add,  that,  after  pondering  on 
these  matters,  the  idea  of  attempting  to  draw  any  safe  result 
from  the  recorded  observations  was  abandoned. 


On  Trigonometrical  Surveying  and  Levelling,  and  on  the  F.ffccts 
of  a  Supposed  Local  Attraction  at  the  Colton  Hill.*  By  Wil¬ 
liam  Galbraith,  M.A.,  M.S.A.,  Edinburgh  ;  F.R.A.S., 
London. 


Tn  the  course  of  some  years  past  I  have  laid  before  the  So¬ 
ciety  of  Arts  for  Scotland  a  few  remarks  relative  to  the  ini- 
pei*fcct  state  of  those  usually  reckoned  our  best  maps  of  the 
country,  and  pointed  out  some  instances  of  the  amount  of 
error,  t 

I  also  proposed  formula;  and  rules  to  be  observed  in  the 
practice  of  accurate  trigonometrical  surveying  and  levelling, 
which,  in  my  opinion,  might  be  easily  understood  and  readily 
applied  by  any  one  possessing  a  moderate  share  of  scientific 
knowledge.  As  a  continuation  of  these,  I  shall,  with  permis¬ 
sion  of  the  Society,  read  the  following  few  remarks  on  what 
has  already  been  written,  as  well  as  on  some  connected  ob¬ 
servations  which  I  have  been  enabled  to  make  during  the 
months  of  August  and  September  last  in  the  immediate  vi¬ 
cinity  of  Edinburgh. 

I  aiii  gratified  to  find  that  the  data  on  which  the  geodetical 
tables  previously  given  were  formed  have  been  confirmed  by 
a  recent  memoir  of  M.  Bessel,  the  learned  Astronomer  of 
Koenigsberg,  who  had  the  benefit  of  the  perusal  of  the  results 
of  several  arcs  of  the  meridian  measured  in  Germany  and 
Russia,  communicated  to  him  in  manuscript,  which  were,  con¬ 
sequently,  unknown  to  me.  It  is  fortunate,  therefore,  that 
]\I.  Bessel’s  value  of  tlie  radius  of  the  equator  deduced  from 
these,  combined  with  others  formerly  known,  exceeds  mine  by 
166  feet,  and  his  value  of  the  polar  semi-axis  exceeds  mine  by 
334  feet  only — small  quantities  in  about  twenty  millions  of 
feet. 

He  also  determines  the  most  probable  value  of  the  French 
metre  to  be  443.321  French  lines  instead  of  443.296  lines, 


*  Kead  before  the  Society  of  Arts  for  Scotland,  14th  December  1840. 
t  Tlirougli  the  errors  in  our  charts,  or  the  ignorance  of  our  pilots,  or  both 
combined,  the  Lords  of  the  Admiralty  tliemselves  have  lately  been  put  in 
peril.  Will  this  contribute  in  any  degree  to  hasten  the  survey  of  the  Bri¬ 
tish  Isles  I 
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that  adopted  by  the  Freneh  commission  of  weights  and  mea¬ 
sures,  as  the  ten-millionth  part  of  the  quadrantal  arc  of  the 
meridian.  The  difference  of  these  amounts  to  0.025  of  a  line, 
or  about  of  an  English  inch — a  very  considerable  quantity 
in  nice  operations.  Hence  the  French  metre,  if  lost,  cannot 
be  found  again  by  taking  accurately  the  ten-millionth  part  of 
the  quadrant  of  the  meridian.  It  must  be  taken  from  the 
standard  metre  of  the  French  Archives,  just  as  our  yard  must 
be  taken  from  our  standard  yard,  or  from  its  copies,  since  the 
original  was  lost  when  the  late  Houses  of  Parliament  were 
burned. 

It  is  certainly  of  great  consequence  to  po.ssess  a  uniform 
standard  of  weights  and  measures,  which  should  be  adopted 
with  caution  and  enforced  by  legal  penalties,  otherwise  these 
changes  tend  to  render  confusion  worse  confounded.  Previous 
to  the  late  act  relating  to  weights  and  measures,  we  had  one 
generally  admitted  Scotch  acre,  containing  in  round  numbers 
(1084  square  yards,  which,  since  the  passing  of  that  act,  has 
been  accounted  6104  square  yards,  especially  about  Glasgow 
and  the  west  of  Scotland.  Hence  the  direct  consequence  re¬ 
sulting  from  the  passing  of  that  act  has  been  to  augment  the 
variety  of  our  measures  instead  of  reducing  them. 

Mr  Airy,  indeed,  the  Astronomer-royal,  determined  also 
some  time  ago  the  values  of  the  earth’s  semi-axes,  in  an  article 
on  the  magnitude  and  figure  of  the  earth  in  the  Encyclopa?dia 
Metropolitana,  and  these,  though  exceeding  all  others  of  the 
greatest  authority  by  about  1000  feet,  have  been  adopted  by 
Sir  John  Herschel  in  i‘is  Treatise  on  Astronomy.  Notwith¬ 
standing  my  respect  for  the  authority  of  both  these  names,  I 
believe  they  can  hardly  be  put  in  competition  with  that  of  M. 
Bessel  on  such  a  question,  and  as  my  results  agree  nearly  with 
his,  I  may  be  excused,  in  the  present  state  of  our  knowledge, 
for  still  adhering  to  them. 

In  determining  the  heights  of  mountains  trigonometrically, 
thele  tables  must  be  employed  either  singly  or  in  combination 
Avith  the  elfects  of  terrestrial  infraction.  For  most  ordinary 
purposes  the  mean  effect  of  refraction,  generally  taken  at  0.08, 
or  of  the  intercepted  arc,  may  be  thought  sufficient,  when 
simultaneous  and  reciprocal  observations  cannot  be  obtained 
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from  which  it  is  usual  to  deduce  it  by  experiment.  Indeed 
the  latter  method  cannot  be  generally  followed  without  great 
expense  both  in  money  and  time.  If,  for  example,  an  ob¬ 
server  on  the  summit  of  llenlomond  should  proceed  to  take 
the  elevation  or  depression  of  a  hundred  mountains  round  his 
range  of  the  horizon,  then  to  make  reciprocal  and  simultaneous 
observations  on  Benlomond  from  all  these  hundred  mountains, 
it  would  require  one  hundred  surveying  parties  placed  on 
their  summits  provided  with  all  necessary  instruments  and  ac¬ 
commodations,  thus  entailing  an  expense  upon  the  country  far 
surpassing  its  finances,  great  as  they  may  be,  or  otherwise 
causing  a  corresponding  loss  of  time  to  enable  two  parties  to 
accomplish  the  same  end.  It  is  clear,  therefore,  that,  though 
in  some  peculiar  situations  this  mode  may  be  occasionally  fol¬ 
lowed  to  serve  particular  purposes,  such  as  determining  the 
amount  of  terrestrial  refraction  now  and  then,  which  may  be 
sufficient  for  ordinary  practice,  yet  it  cannot  be  generally  fol¬ 
lowed. 

From  these  considerations  it  has  been  an  object  with  me  for 
a  considerable  number  of  years  past,  during  which  I  have,  in 
conjunction  with  others,  made  numerous  observations,  baro¬ 
metric  and  thermometric,  on  many  of  the  mountains  of  Scot¬ 
land,  to  deduce,  among  other  results,  from  those,  combincjd 
with  known  laws  regulating  the  refringent  power  of  the  atmo¬ 
sphere,  such  as  pressure,  temperature,  elastic  force  of  vapour, 
&c.  a  formula  depending  upon  the  employment  of  the  usual 
meteorological  instruments,  that  would  give  the  co-efficient  of 
terrestrial  refraction  independent  of  reciprocal  and  simulta¬ 
neous  observations,  which,  from  what  has  been  just  said,  are 
frequently,  and  at  least  generally,  impracticable  in  an  exten¬ 
sive  survey. 

In  order  to  determine  the  co-efficient  of  terrestrial  refrac¬ 
tion  for  pressure  and  temperature  at  the  place  of  observation, 
we  have  from  the  known  laws  of  hydrostatics 


«  =  IID- 


in  which  n  is  the  co-efficient  of  refraction,  R  the  refringent 
power  of  dry  air,  D  its  density,  r  the  mean  radius  of  the  earth, 
qnd  I  the  height  of  the  homogeneous  atmosphere. 
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Introducing  the  effect  of  aqueous  vapour  upon  the  density 
of  dry  air 

“'=“(*-14) . « 

where  /  is  the  elastic  force  of  aqueous  vapour,  and  B  the  height 
of  the  barometer. 

In  like  manner,  if  R'  be  the  refringent  power  of  the  air 
under  the  same  circumstances,  while  R  is  that  at  the  pressure 
B,  the  standard  at  which  most  of  our  experiments  have  been 
made,  that  is,  about  0"‘.76  of  the  metrical  barometer,  or 
29.9218  inches  of  the  English  barometer, 

=  - 

8B 

Now  if  A  be  the  density  of  mercury  at  the  freezing  point 
when  B  is  the  height  of  the  barometer, 

Z  =  ^-  B=104CC.8B  =  26100  English  feet  ....  (4) 

when  B  =  O^.TG,  or  29.9218  inches,  the  pressure  at  which 
104GG.8  was  determined. 

The  expansion  of  dry  air  for  1°  of  the  centigrade  thermo¬ 
meter  here  designated  by  is  genei*ally  estimated  at  0.00375  ; 
hence 

B'  =  B  (1  +  /;  0 . (5) 

therefore  by  substitution  for  B  and  D  in  formula  (4), 

“  TTS-'-  ^117 . 

8B  8  B 

Putting  these  in  equation  (1)  and  n  =  R'  D'  becomes 

r  /  f  \  8  B 

+ 1^)  T+jr . 


The  value  of  /,  the  elastic,  force  of  aqueous  vapour,  may  be 
taken  from  the  well-known  table  of  Dalton,  or  from  one  given 
in  my  Mathematical  Tables  fi’om  a  formula  of  Mr  Ivory, 
founded  on  the  experiments  of  Dr  Ure.  If  thought  necessary, 
in  such  cases  as  this  the  true  elasticities  may  be  determined 
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under  given  circumstances  by  formulae  (A)  and  (13),  page  CO 
of  the  same  work. 

From  various  experiments  on  the  refringent  power  of  the 
air,  and  by  numerous  astronomical  observations,  the  co-effi¬ 
cient  of  the  astronomical  refractions  at  the  freezing  point  and 
30  inches  of  the  English  barometer,  is 

a  =  0.000291144  =  4  It  D  nearly  ...  (a) 

This  value  of  «  becomes  at  30  inches  of  the  English  barometer 
and  50°  of  Fahrenheit’s  thermometer 

a  =  0.000203003  . (a) 

This  is  the  standard  pressure  and  temperature  of  Ivory’s  table 
of  refractions,  which,  on  account  of  their  extreme  accuracy,  I 
generally  prefer,  and  to  whose  standard,  for  the  purpose  of 
employing  the  auxiliary  tables  accompanying  it,  the  following 
formula  will  be  adapted.  The  co-efficient  of  astronomical  re¬ 
fraction  here  assumed  at  45°,  or  «  =  0.000283003,  equal  to  the 
length  of  the  circular  arc  to  radius  unity,  or  equal  to  58".38, 
agrees  closely  with  58".36,  that  adopted  by  Ivory  for  his  table. 

But  this  co-efficient  varies  directly  as  the  pressure,  and  in¬ 
versely  as  the  temperature,  of  the  atmosphere,  consequently 


in  which  h  is  the  given  pressure,  B  the  standard,  and  t  the 
given  temperature. 

In  like  manner,  the  barometer  must  be  corrected  for  the 
expansion  of  mercury  by  heat.  Let  this  expansion  for  1°  of 
the  ccntigi’ade  thermometer  be  denoted  by  /?,  while  r  is  the 
tcinperaturc  of  the  mercury  indicated  by  the  attached  ther- 
moineter,  and  equal  to  0.00018,  then 


^  1  1 


Combining  the  residts  in  (8),  (9),  and  (10),  in  formula  (7),  and 
it  becomes 

,  3/ 


,  1  1  /,  f-  \  nb 

2  '•  1  + '  1  + /s' T  V  126  /  /  (1  +  ;3 

By  observation  it  has  been  found  necessarj*  to  modify  this  ex¬ 
pression  by  considerations  depending  upon  the  difference  of 
altitude,  and  the  expansion  of  moist  air.  From  barometric 
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measurements  of  heights,  and  experiments  on  sound  about 
the  years  1827,  1828,  &e.,  I  found  that  a  given  volume  of 
moist  air  in  its  mean  state  expanded  from  1  to  1.4112  when 
heated  from  the  freezing  to  the  boiling  point.  I  shall  call 
this  expansion  for  1°  centigrade  /S',  and  equal  to  0.004112. 
The  barometric  measurements  to  which  I  here  refer  were 
made  on  the  Cheviot  range,  on  the  Pentland  range  of  hills,  on 
Bcnlomond,  Ben  Nevis,  &c.,  and  the  experiments  on  sound 
were  made  in  Fife  by  taking  advantage  of  the  reports  of  the 
gxms  fired  on  Edinburgh  Castle  in  honour  of  the  royal  birth¬ 
days,  coronation  anniversaries,  &c.,  thus  turning,  as  far  as  1 
could,  these  holiday  rejoicings  to  the  benefit  of  science,  since 
I  had  neither  the  means  nor  the  influence  to  procure  expe¬ 
riments  to  be  made  expressly  to  serve  my  purposes. 

This  co-efficient  was  introduced  by  me  into  a  formula, 
which  I  gave  about  that  time  in  one  of  our  public  journals, 
to  determine  the  velocity  of  sound,  and  it  almost  unifijrinly 
brings  out  results  conformable  to  experience.  It  becomes 
0.00230  for  1°  of  Fahrenheit’s  thermometer,  and  this  was  also 
introduced  into  a  set  of  tables  publisbed  by  me  in  1838  for 
the  purpose  of  calculating  heights  by  means  of  the  mountain 
barometei’,  which  give  correct  results  for  all  heights  when  the 
barometric  measurements  have  been  accurately  made  under 
favourable  circumstances.* 


*  5Ir  Francis  Baily  gave,  among  his  collection  of  Astronomical  Tables, 
printed  in  1827,  T.ablc  xxxvi.  to  compute  heights  by  the  barometer.  In 
its  upplic.ation  he  neglected  to  state,  that  when  subtracting  the  tempera¬ 
ture  at  the  higher  station  from  that  at  the  lower,  if  the  result  become  nega¬ 
tive,  which  it  will  be  when  the  temperature  at  the  higher  station  is  greater 
than  that  at  the  lower,  a  circumstance  that  may  occur  on  some  rare  occa¬ 
sions  in  small  heights,  then  the  logarithmic  correction  must  be  .applied  to 
the  higher  barometer  with  the  same  or  a  negative  sign,  instead  of  an  additive 
as  commonly  happens. 

Though  to  a  mathematician  this  could  be  of  little  consequence,  as  he 
would  naturally  apply  this  correction  according  to  its  proper  sign,  yet  to 
guard  against  .any  misapprehension  on  the  part  of  those  little  aequ.ainted 
with  Bie  use  of  signs,  I  carefully  w.amcd  computers  against  any  error  fronj 
this  cause  in  the  last  sentence  of  Eulc  3,  page  10  of  the  explanation  of  these 
tables. 

The  same  thing  was  done  by  Mr  Hewlett  of  the  Ordnance  Map  Office 
some  years  afterwards,  among  the  professional  papers  published  by  the  Eoyal 
Engineers  in  their  first  number. 


tr- 
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M.  Poisson,  in  his  excellent  Traite  de  Mecanique,  second 
edition,  published  in  1833,  gives,  on  the  authority  of  Dulong, 
the  quantity  1.421,  a  number  exceeding  mine  slightly.  I 
therefore  conclude  that  the  data  thus  determined  possess  the 
requisite  acciu’acy. 

I  have  been  very  minute  in  stating  the  foundation  of  the 
constants  employed  in  my  formula,  because  writers  of  celebrity 
have  introduced  generally  too  small  co- efficients,  and  conse¬ 
quently  all  the  results  from  their  formulas  are  defective.  This 
is  the  case  with  respect  to  Sir  John  Herschel’s  formula  for 
the  velocity  of  sound  in  the  Encyclopaedia  Metropolitana,  in 
which  the  expansion  of  moist  air  in  its  mean  state  is  assumed 
at  0.00375  for  1°  centigrade,  instead  of  0.004112  which  I  have 
found,  or  even  0.00421  from  the  experiments  of  Dulong,  as 
reported  by  Poisson  in  chapter  vi.  Book  Fifth,  of  his  Meca- 
nique,  entitled,  “  Of  the  elastic  force,  and  of  the  heat  of  gas.” 

For  this  cause  it  is  that  the  formula  of  Sir  John  Hersehel 
gives  results  all  considerably  smaller  than  those  from  actual 
experiment. 

By  these  remarks  I  by  no  means  design  to  throw  discredit 
on  any  of  the  writings  of  that  distinguished  individual.  They 
are  merely  introduced  to  guard  those  who  trust  the  authority 
of  names  from  condemning  the  formula  which  I  am  now  in¬ 
vestigating,  because  the  constants  employed  are  different  from 
his. 

From  numerous  observations  on  the  mountains  of  Scotland 
already  quoted,  I  have  found  that  the  last  factor  in  formula 

i-i/ 

0  6  ... 

(11),  namely,  should  be  diminished  by  a  quantity  re¬ 
presented  by  which,  as  already  stated,  /S'  = 

0.004112,  and  5  t  is  the  variation  of  temperature  correspond¬ 
ing  to  6  h,  the  variation  of  height. 

Introducing  this  into  formula  (11),  it  becomes 

(12) 

Now  the  same  observations  in  a  mean  state  of  the  atmosphere 


-  —  h  ^  t  /  /_ 

”  2  13  ’  ■  1  +  /St  '  1  +  /S't  v‘  126 
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give  an  elevation  of  240  feet  to  depress  Fahrenheit’s  thermo¬ 
meter  1°,  or  430  feet  for  1°  centigrade.  From  these  conside¬ 


rations  the  last  term  of  formula  (12)  becomes 


sA(i  +  f,ty 


since  S  t  —  — the  preceding  becomes  by  substitution 
ih 

0.004112  — 

430  0.0000090 

s/i(l  +/30  ~  l+nt 

Combining  the  two  last  terms  of  formula  (12)  by  means  of  the 
hist  expression,  and  they  become  in  a  common  denominator 

8  b  0.000009C  I 
i'(l+/J0  1(1+ fit) 

Now  since  I  =  26100  feet  by  (4) 


1  —  ^-0.0000090 1  1  —  0.25 

86  8  6 


i(i  +  fit)  ~  i(i  +  fit)  ~  i(i  +  fit) 

Replacing  the  factor  consisting  of  the  two  last  terms  in  for¬ 
mula  (12)  by  this  equivalent  expression,  it  becomes 

3_3/ 

n=^.b.  -JL-  .  ■  V 

2B  l+fit  l+fi'rX  12bjl(l+fit) 

+  fit)  '  I  +  fi'T\}  ^  I2bj\4  SbJ 
If  the  two  last  factors  be  multiplied  together,  the  product  is 

Because  must  ahvays  be  a  very  small 
quantity,  it  may  without  sensible  error  be  neglected,  and  the 
preceding  expression  becomes  ^  very  nearly.  By  means 
of  these  simplifications  equation  (12)  finally  becomes 

Adapting  this  formula  to  30  inches  of  the  English  barometer, 
and  50°  of  Fahrenheit’s  thermometer,  it  becomes 

"  “  ^  •  (l+;i(«-50o)  '  1  +/S'(r  — 50'’) 

Taking  the  values  of  a,  B,  I  as  formerly  stated,  and 
r  =  20922C42  feet  =  a,  the  radius  of  the  equator  equal  to* 
half  the  sum  of  the  radius  of  curvature  of  the  meridian,  and 
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of  the  arc  perpendicular  to  the  meridian  at  latitude  45°,  which 
may  for  this  and  similar  purposes  be  reckoned  the  mean  ra¬ 
dius  of  curvature  of  the  earth  very  nearly. 

To  simplify  the  calculation  of  n,  the  log.  of  may  be  used 

as  a  constant  log.  where  B  =  30  inches  and  t  =  50°  Fahren¬ 
heit,  the  standard  pressure  and  temperature  of  Ivory’s  refrac¬ 
tions.  Whence  the  auxiliary  tables  accompanying  them  to 
correct  for  pressure  and  temperature  may  be  employed,  which 
greatly  facilitates  the  application  of  my  formula. 


Log  a  =  log  of  0.000203003 

6.451791 

Log  r  —  log  of  20922642  feet  log 

7.320616 

a  .c  .  log  2 

9.698970 

B  =  29.9218  a  .  c  .  log 

8..524012 

1  =  26100  feet  a  .  c .  log 

5.683379 

7.578708 

The  formula  will  now  be  applied  to  the  determination  of 
heights  from  observations  w'hich  I  lately  made  in  the  Firth  of 
Forth. 

Having  procured,  through  the  favour  of  Colonel  Colby,  from 
the  Ordnanee  Map  Office,  such  lines  and  angles  as  I  thought 
desirable  for  this  and  other  purposes,  1  made  such  additional 
observations  as  gave  the  distance  between  Inchkeith  Light¬ 
house  and  my  station  on  Inchcolm,  from  which,  as  a  base, 
triangles  were  extended  to  several  eminences  in  the  vicinity 
of  Edinburgh,  such  as  Carnethy  among  the  Pentlands,  the 
height  of  W’hich,  in  conjunction  w’ith  Professor  Henderson,  I 
had  determined  with  great  care,  in  1828,  by  the  mountain 
barometer,  from  numerous  observations  taken  every  ten  mi¬ 
nutes  during  some  hours.  The  same  barometer  was  employed 
both  at  the  sea-shore  and  at  Carnethy  Cairn,  thus  rendering 
the  barometer  employed  at  the  Calton  Hill  merely  one  of 
comparison,  thereby  avoiding  any  error  that  might  arise  from 
the  use  of  different  barometers.  The  results  w'ere  published 
in  the  Edinburgh  New  Philosophical  Journal  for  October  1831. 
The  height  is  computed  there  by  two  different  methods,  the 
mean  of  whieh  is  1880  feet.  I  have  repeated  the  calculations 
with  my  new  tables,  which  give  1880.7  feet,  agreeing  almost 
exactly  with  the  former.  This  height  was  verified  bv  Mr 
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Jardine,  civil-engineer,  by  direct  levelling,  and  his  results,  I 
believe,  differed  little  from  the  above,  to  which,  as  very  near 
the  truth,  I  shall  still  adhere. 

As  this  height  may  therefore  be  considered  well  determined, 

I  was  desirous  of  performing  the  measurement  of  it  trigono¬ 
metrically  with  great  care  by  means  of  the  best  instruments 
I  possessed.  That  for  angular  measures  was  my  altitude  and 
azimuth  astronomical  circle,  and  for  meteorological  observa¬ 
tions  Mr  Adie’s  portable  sympiesometer.  As  the  thermome¬ 
ter  is  a  good  one,  the  temperature  must  have  been  accurately 
determined,  and  though  its  indications  of  pressure  are  not 
(piite  so  accurate  as  those  of  a  good  mercurial  barometer,  yet 
the  differences  will  seldom  exceed  a  few  hundredths  of  an 
inch  when  in  a  fair  state  of  adjustment,  which  ought  to  be 
repeated  every  tw'o  or  three  years, 

I  adopt  this  instrument  for  all  such  operations,  geodetical 
and  astronomical,  in  my  travelling  excursions,  on  account  of 
its  being  less  liable  to  accidents  than  the  barometer,  and  its 
greater  portability,  while  its  indications  are  fully  sufficient  for 
all  ordinary  purposes. 

This  instance,  then,  affords  me  a  fair  criterion  to  judge 
of  the  relative  accuracy  of  direct  levelling,  of  barometric 
measurement,  and  of  trigonometrical  operations.  When  I 
find,  as  will  immediately  appear,  that  I  cannot  avoid  consi- 
siderable  discrepancies  in  my  own  results,  even  by  taking  all 
possible  care,  while,  at  the  same  time,  I  employ  the  best  data 
I  can  procure,  combined  with  the  co-efficient  of  terrestrial 
refraction  by  the  formula  just  investigated,  I  shall  then  be 
compelled  to  form  a  more  candid  and  charitable  opinion  upon 
the  analogous  operations  of  others. 

i.  At  my  station  on  Inchcolm  on  the  15th  of  August  1840, 
the  observed  zenith  distance  of  the  horizon  of  the  sea  down 
the  Firth  of  Forth  to  the  eastward  was  90'’  8'  21".2,  while  the 
pressure  of  the  atmosphere  was  29.75  inches,  and  the  tempe¬ 
rature  ^64°  Fahrenheit,  the  height  of  the  station  above  the  sea 
will  be  determined  by  the  usual  formula 

d  h  =1  {  (1  +  n)*  tAU*  D . (A) 

in  which  j  is  the  radius  of  curvature  in  the  given  direction,  n 
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tlie  co-efficient  of  terrestrial  refraction  computed  by  formula 
(14),  and  D  the  observed  depression  or  zenith  distance,  di¬ 


minished  by  90°. 

In  like  manner,  the  height  of  one  point  above  another  will 
j  be  obtained  from  the  formula 

I  dA  =  K  8CC  i  n  cot  (J  +  (n  —  0.5) m}  +  &c.  or 

dA=Acot{3  +  («  —  0.5)  m}  ....  (B) 
sufficiently  near  for  moderate  heights,  such  as  those  found  in 
this  country,  in  which  K  is  the  chord  between  the  stations,  u 
the  angle  between  their  verticals,  and  n  the  co-efficient  of 
refraction,  or,  even  using  A,  the  arc  between  them  in  feet, 

'  and  rejecting  the  other  terms  as  insensible  in  our  observa¬ 

tions. 

Constant  log  for  (14)  .... 

t  =  C4°  log  X  2  (table  xviii.)*  .  .  .  9.97502 

<T  =  04“  log  (tabic  XX.)*  ....  9.99940 

i  f  0  *»no4 

F  =  0.75  —  =  0.75  —  -  0.7134  log  .  9.87122 

6  o  8'J.2i> 

1.  =  29.75  in.  log  .....  1.47349 

n  =  0.07905  .  .  .  .  .log  0.09790 

1.0 

:  1  n  =  1.0/905  log  x  2  =  .  .  .  .  0.060082 

1 

h(  =  log  from  geodetic  tables  .  .  7.020582 

’  D  =  0°8'2l".2tan»log  ....  4.771174 

;  d/t:=  72.1  feet  log  ....  1.057838 

,  The  height  of  the  station  above  the  level  of  the  sea  at  high 

water  nearly  by  formuloe  (14),  and  (A). 

I  II.  By  a  mean  of  several  observations,  the  observed  zenith 

'  distance  of  Carnethy  Cairn  was  88°  34'  16"  from  the  same 

station,  while  the  barometer  stood  at  29.725  inches,  and  the 
t  thermometer  at  63°.5. 


.  ♦  These  are  the  numbers  of  the  auxiliary  tables  accompanying  Ivory's 
tables  in  my  collection  of  Mathematical  and  Astronomical  Tables.  The 
Value  of  /  is  taken  from  the  same  table,  iv.,  page  64  of  the  introduction  to 
them,  while  log.  O  is  taken  from  my  previous  paper,  in  No.  LI.  of  the  Edin¬ 
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Const  log  as  before 

t  =  G3.5  log  X  2  .  ,  .  . 

r  —  63.5  log  .... 

F  =  0.75  —  =  0,7435  log 

6  =  29.725  log  .... 

n  =  0.0791G  log  . 

—  0,5 

n  —  0.5  =  —  0.42084  log  . 

Log  M  to  lat  56’  (sec  last  paper) 

K  or  A  =  G7982.5  feet  log 

—  tt"=—  0’  4' 42" . —  282"  log 

S  =  88  34  16 
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7.57877 

9.97590 

9.99C42 

9.87128 

1.47312 


8.89849 


—  9.624117 
7.993722 
4.832397 


—  2.450236 


I,  =  88  29  34  cotangent 

A  =  67982.5  log 


+  8.420155 
4.832397 


dh  =  +  1788.8  feet 


log  +  3.252552 


Collecting  these  numbers,  and  allowing  8.5  feet  for  half  tho 
rise  of  spring  tides,  there  will  result 


Il.alf  tho  rise  of  tide,  ....  8.5  feet. 

Height  of  station  above  high  water,  .  .  .  72.1  ... 

Height  of  Camcthy  above  station,  .  .  .  1788.8... 


Total  height  above  mean  level  of  sea,  .  .  1869.4  ... 

Barometric  height  verified  by  levelling,  .  .  1880.7  ... 


Defect  of  trigonometrical  height,  .  .  .  11.3  ..  * 


Hence  the  probable  error  of  this  determination  is  about  11 
feet  too  small. 

III.  The  height  of  the  summit  of  Carnethy  was  determined 
in  a  similar  manner  from  Inchkeith. 


Mean  zenith  distance,  .  .  .  88’  46'  51".5 

B  =  29.78  in.  t  =  60°,  and  r  =  GO’  Fahrenheit. 

A  =  74701.5  feet,  bearing  about  S.  22’  W. 

Whence  h  =  0.08055,  and  d  A  =  1701.5  feet. 

Here,  however,  the  height  of  the  station  was  got  from  Mr 
Robert  Stevenson  some  years  ago,  who  stated  the  height  of 
the  ground  above  high  water  by  levelling  to  be  175  feet, 
above  which  the  axis  of  the  circle  was  4  feet. 


*  This  defect  may  in  part  be  owing  to  the  difficulty  of  determining  the 
first  height  accurately  by  the  depression  of  the  horizon  of  the  sea,  especially 
in  a  nanow  firth. 
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Now,  allowing  8.5  feet  for  the  half  tide,  as  before,  there 


will  be  obtained  from  this  series 

Half  the  rise  of  tide, 

8.5! 

Height  of  ground  at  station, 

175.0 

Height  of  circle,  .... 

4.0 

Height  of  Camethy  above  circle, 

.  1701.5 

Total  height,  .... 

.  1889.0 

Barometric  height  verified  by  levelling, 

.  1880.7 

Excess  of  Trigonometrical  height. 

.  8.3 

These  differences  of  8  and  11  feet  only  serve  to  shew  that, 
by  the  new  method  of  computing  the  co-efEcient  of  refraction 
from  the  state  of  the  barometer  and  thermometer,  both  more 
exact  and  more  consistent  results  are  obtained  than  by  using 
a  mean  value  generally,  especially  upon  the  summits  of  dis¬ 
tant  high  mountains,  where  the  pressure  and  temperature  dif¬ 
fer  considerably  from  the  mean. 

It  is  long  since  a  table  of  mean  refractions  has  been  rejected 
in  astronomy  where  any  attention  is  paid  to  accuracy,  and 
after  this  example,  it  is  to  be  hoped  that  the  actual  co-efficient 
of  terrestrial  refraction  will  be  computed  for  pressure  and 
temperature  uniformly  in  the  same  manner  as  the  astrono¬ 
mical  refractions  generally  are.  It  was  with  this  view  that  I 
have  transformed  my  equation  so  as  to  be  enabled  to  employ 
the  same  tables  for  both.  Indeed,  if  the  mean  of  our  present 
deductions  be  taken,  the  first  series  gives  .  1869.4  feet. 

The  second  series,  .  .  .  1889.0  ... 

Of  which  the  mean  is,  .  .  .  1879.2  ... 

agreeing  almost  exactly  with  the  barometric  measurement, 
confirmed  by  Mr  Jardine’s  levelling,  though  the  difference 
between  the  two  amounts  to  19.6  feet,  a  difference  likely 
OAving  to  small  unavoidable  errors  of  observation  and  atmo¬ 
spheric  irregularities  which  no  care  and  address  can  obviate. 
From  this  conclusion,  it  also  appears  that  all  the  three  me¬ 
thods  concur  in  bringing  out  the  same  conclusion  when  per¬ 
formed  with  equal  care,  though  the  same  result  could  not  be 
expected  when  any  of  them  is  hastily  executed. 

It  has  been  known  to  several  individuals  for  some  years 
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past,  especially  to  those  taking  an  interest  in  trigonoilietrical 
surveying,  that  the  latitude  of  Edinburgh  Observatory  deter¬ 
mined  from  actual  observation  there,  and  that  deduced  geo- 
detically  from  observations  made  with  the  Ordnance  zenith 
sector  on  Kellie  Law  in  Fife,  differ  from  each  other  by  a 
considei'able  number  of  seconds.  It  occurred  to  me  that  this 
might  be  owing  to  local  causes,  and  was  of  the  same  nature 
as  that  at  Arburyhill  in  England,  which  at  one  time  caused 
considerable  speculation.  Don  Joseph  Rodriguez,  a  Spanish 
mathematician,  associated,  I  believe,  with  Messrs  Biot  and 
Arago  in  the  prolongation  of  the  French  arc  of  the  meridian 
along  the  eastern  coast  of  Spain,  attempted  to  shew  geodeti- 
cally  that  this  was  owing  probably  to  errors  made  with  the 
Ordnance  zenith  sector.  It  w’as  then  contended  by  the 
defenders  of  our  survey,  and  admitted  by  Delambre,  that 
geodetical  deductions  could  never  be  employed  to  test  effec¬ 
tually  astronomical  observations. 

The  Ordnance  zenith  sector  has  been  lately  tested  by  a 
comparison  with  the  Greenwich  mural  circles,  and  I  under¬ 
stand  the  compEirison  has  proved  satisfactory.  Besides,  much 
greater  discrepancies  have  been  recently  detected  on  the  Con¬ 
tinent,  as  might  naturally  have  been  expected  from  the  action 
of  greater  mountain-masses,  such  as  the  Aips,  Pyrenees,  &c. 

It  might  have  been  supposed  that  one  of  the  points  in  our 
survey  most  to  be  depended  upon  would  have  been  the  ob¬ 
served  latitude  of  Greenwich,  where  astronomical  observations 
have  been  made  for  a  hundred  years  w  ith  the  best  instruments 
which  art  could  contribute  to  science. 

The  result  given  to  the  late  General  Mudge  by  Dr  Mas- 
kelyne  was  51°  28'  40"  N.,  while  that  lately  given  by  Mr  Airy 
in  the  Greenwich  Observations  is  51°  28'  38"  N.,  less  than 
the  preceding  by  2".  How  are  our  surveyors  to  dispose  of 
these  discrepancies,  proceeding  from  the  highest  authorities  ? 
Again,  Professor  Henderson  gives  the  latitude  of  the  Calton 
Hill^  Observatory  at  55°  57'  23"  N.,  while  the  zenith  sector 
observations  on  Kellie  Law,  reduced  to  the  Calton,  give  55° 
57'  16"  N.,  less  than  that  by  direct  observation  by  7". 

Now,  I  entertain  no  doubt  that  both  these  results  are  fair 
deductions  from  very  accurate  observations  reduced  with 


340  Mr  Galbraith  on  Trigonometrical  Surveying 

great  precision.  In  making  the  usual  deductions  of  latitudes 
geodetically  for  other  points  connected  with  these,  what  ought 
our  surveyors  to  do  ?  In  my  opinion,  an  inquiry  ought  to  be 
instituted  to  discover  whether  one  or  hotli  of  these  places  are 
likely,  from  their  geological  position,  to  he  affected  by  the 
irregularities  of  local  attraction.  If  so,  from  the  sudden  fall 
of  the  ground  north  of  the  Cal  ton  towards  Leith,  with  the 
Firth  of  Forth  following  in  succession,  the  Calton  is  likely  to 
he  more  affected  than  Kellie  Law,  situated  nearly  in  the 
centre  of  the  east  neuk  of  Fife. 

From  these  considerations,  it  occurred  to  mo  that  Inch- 
keith  would  probably  be  a  good  point  to  test  the  accuracy  of 
these  views.  I  therefore  applied  to  the  Ordnance  IMap  Office 
for  their  results,  which,  with  the  permission  of  Colonel  Colby, 
were  readily  granted  me,  while  my  friend  Mr  Stevenson  very 
kindly  gave  me  an  introduction  to  the  principal  light-keeper, 
to  allow  me  such  accommodation  as  the  lighthouse  afforded. 
I  am  consequently  under  great  obligations  to  both  these  gen¬ 
tlemen  for  giving  every  facility  to  me  in  their  power,  to 
enable  me,  as  far  as  possible,  with  the  instrument  which  I 
possessed,  to  examine  this  curious  anomaly. 

I  had,  during  some  years  past,  determined  the  latitude  of 
my  own  residence  to  be  55°  56'  57".89  N.  from  some  hundreds 
of  observations  by  the  same  circle  I  was  now  about  to  use. 
By  a  trigonometrical  operation  compared  with,  and  checked 
by,  the  results  in  Professor  Wallace’s  Treatise  on  Geometri¬ 
cal  Theorems  and  Formula?,  lately  published,  page  140,  I  re¬ 
duced  this  latitude  to  the  Observatory,  by  adding  25".67  to 
it,  which  gives  55°  57'  23".56  N.  for  the  latitude  of  the  Ob¬ 
servatory,  exceeding  Professor  Henderson’s  result  by  a  small 
fraction  of  a  second  only.  This  circle,  then,  gives  results,  when 
the  observations  are  very  numerous,  that  accord  with  those  of 
the  mural  circle  when  employed  in  its  vicinity,  and  the  ques¬ 
tion  with  me  was.  Would  it  likewise  do  so  at  Inchkeith,  where 
it  is  probable  local  attraction  would  be  insensible  ?  For  this 
purpose,  I  resided  on  the  island  a  few  days,  during  which  I 
made  several  observations  on  the  heights  in  the  vicinity  of 
Edinburgh,  already  partly  given  in  the  preceding  portion  of 
this  paper,  as  well  as  some  on  the  latitude,  but  I  have  chiefly 
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trusted  those  made  on  the  21st  of  August  on  the  pole-star, 
which  I  continued  to  observe  from  about  10  o’clock  in  the 
evening  to  1  o’clock  next  morning.  During  this  period  I 
completed  eight  series  of  double  observations,  reversing  the 
circle  each  time,  or  sixteen  single  observations,  comprehend¬ 
ing  forty-eight  readings  of  the  verniers,  accompanied  by  the 
times  of  observations,  and  the  indications  of  the  level. 

The  circle,  indeed,  is  rather  small  for  examining  so  delicate 
a  question,  being  only  six  inches  in  diameter,  having  three 
verniers,  each  shewing  10",  and  a  level  whose  divisions  each 
indicate  2".  I  shall,  however,  claim  no  more  for  it  than  what 
competent  judges  may  be  inclined  to  grant ;  and  they  may 
put  such  confidence  in  my  final  result  as  they  conscientiously 
believe  it  deserves.  I  may  add,  however,  that  I  believe  it  to 
be  in  contemplation  by  Colonel  Colby  to  examine  this  point 
carefully  at  no  distant  period,  by  means  of  the  Ordnance 
zenith  sector,  which  will  be  set  up  somewhere  in  this  vicinity 
expressly  with  that  view. 

For  ordinai’y  purposes  the  tables  to  determine  the  latitude 
by  the  pole-star  at  the  end  of  the  Nautical  Almanac  are  very 
convenient  when  no  great  precision  is  wanted,  and  the  inter¬ 
polation  made  by  even  proportion.  I  used  these  chiefly  as  a 
check,  however,  and  made  my  computations  by  the  following 
formulae,  easily  investigated,  and  in  the  application  of  which 
I  used  proportional  logarithms  to  five  places  of  decimals, 
which,  for  this  purpose,  give  results  in  general  sufficiently 
accurate. 

Let  t  be  the  sidereal  time  after  the  upper  transit  of  the 
pole-star,  and  p  its  polar  distance. 

1.  Log  secant  t  +  prop,  log  p  =  prop,  log  u.  Now  if  X  be 
the  latitude  of  the  foot  of  the  perpendicular  arc  from  the  star 
upon  the  meridian,  and  z  the  true  zenith  distance, 

2.  Log  sin  X  =  log  sec  p  -f  log  cos  u  +  log  cos  Now 
making  I  the  true  latitude, 

/  =  X  — t—  H 

where  it  must  be  observed  that  in  the  1st  and  4th  quadrant 
after  transit  the  sign  of  u  is  — ,  while  in  the  2d  and  3d  it 
is  4-. 
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4.  Prop,  log  m  =  log  cosec  t  +  log  cos  X  +  prop,  log  p,  in 
which  nt  is  the  azimuth  reckoned  from  the  north  reduced  to  the 
horizon,  which,  compared  with  a  referring  lamp*  by  means  of 
the  horizontal  circle,  gives  the  azimuth  along  with  the  lati¬ 
tude  at  any  point  of  the  star’s  revolution.  The  usual  formula 
for  computing  the  effect  of  a  level  reading  from  a  central 
zero  upon  the  zenith  distance  is 


^_(e—o)a'' 
2  n 


in  which  I  is  the  effect,  e  the  sum  of  the  readings  of  the  scale 
at  the  eye-end  of  the  telescope,  o  that  of  the  object-end,  o" 
the  value  of  one  division  of  the  scale  of  the  level  in  seconds, 
and  n  the  number  of  observations.  The  scale  of  my  level 
originally  read  to  three  seconds,  but  on  considering  the  pre¬ 
ceding  formula  (C)  should  it  become  2",  then  the  formula  itself 
becomes 


\Vhence,  in  this  case,  it  is  neither  necessary  to  multiply  by  the 
value  of  the  divisions  of  the  scale,  nor  to  double  the  number  of 
observations,  to  get  the  effect  of  the  level,  but  merely  to  divide 
the  difference  of  the  sums  of  e  and  o  by  the  number  of  obser¬ 
vations  simply,  at  the  same  time  taking  care  of  the  sign  to 
correct  the  zenith  distance  for  the  effects  of  the  level.  On 
this  account  I  got  Mr  John  Adie  to  redivide  the  scale  of  my 
level  in  accordance  with  these  views  previous  to  commencing 
my  observations  this  season. 

Having  made  these  preliminary  remarks  so  that  every  thing 
relative  to  my  operations  may  be  fully  understood,  I  shall  re¬ 
cord  the  first  series  of  observations,  and  perform  the  compu¬ 
tation  at  full  length,  so  as  to  render  the  whole  operation  clear 
and  distinct  to  every  one  having  a  very  ordinary  knowledge 
of  such  subjects. 


*  A  distant  lighthouse  will  frequently  answer  the  purpose  of  a  referring 
lamp  very  successfully. 


I 


XUM 


343 


Ww  - 

and  Levelling^  Sgc. 


Polaris. 

1840,  August  21.  B  =  29.70  in.  <=C4* 


Error  of  Chron.  at  10^  p.  m.  Fast  l'“  58 '.4,  Rate  19® .7  gaining. 


Times.  Ver. 

Z.  D. 

LeveL 

Z.  D.  33’ 31' log  1.5876 

+  — 

in. 

A. 

9. 

0  >  » 

e  o 

B=  29.70  log  9.9956 

1. 

10 

9  5  A 

33  34  30 

24  22 

t  =  64“  log  9.9875 

B 

34  25 

T  =  64“  log  9.9994 

C 

34  30 

r=  37".2  log  1.5701 

2. 

10 

19  35  A 

33  27  20 

22  23 

Mean 

10 

14  20  ^ 

27  20 

46  45 

Error  Cr. 

— 

1  58.4  C 

27  30 

45 

M.  T.  I. 

10 

12  21.6 

33  30  55.8  2|1 

Long. 

+ 

12  32.0  level 

+  0.5 

0".5 

G.  M.  T. 

10  24  53.6 

33  30  56.3 

refr.  +  37-2 


True  Z.  Dist.  =  33  31  33.5 

h,  in,  9. 

Sidereal  time  at  Greenwich,  M.  N . 9  69  29.28 

Mean  time  at  place  of  observation, . 10  12  21.60 

Reduction  to  Greenwich  M.  T.  1  o’*  24«n  54=*  .  .  ,  +  1  42.65 

Sidereal  time  of  observation, .  20  13  33.53 

Stiur's  Right  Ascension, .  1  2  36.78 

I  =  Sidereal  time  after  transit, .  19  10  56.75 

13y  the  preceding  formulte, 


h.  m,  9. 

f  =  19  10  56.7^  sec  0.51G22  cosecant  .  •  0.02115 

p=  r  32'  33".80  P.L.  0.28884  sec  0.000158  P.L.  0.28834 


»(=— 0  28  11.8  P.L.  0.80506  cos  9.991986 
Z.D.33°31'33".5  cos  9.920976 


X=  +56  30  9.2  ...  sin  9.921120  cos  9.74186 


1=  50  1  67.4  N.  )u'=  N.2°39'44".6E.  P.  L.  0.05185 

2 

Table  III.  Surveying  gives  -  Atana  =  cor  = —  4  .6 

w  =  N.2  39  40  .OE. 

Hence  the  latitude  I,  deduced  from  this  series,  is  56°  1'  57".4  N., 
and  the  azimuth  of  the  star  referred  to  the  horizon,  m  = 
N.  2°  39'  40".0  E. 

.,Now,  the  reading  on  the  horizontal  circle  being  recorded  at 
each  observation,  and  referred  to  a  lamp  in  a  given  position, 
the  azimuth  of  the  lamp  becomes  known,  as  well  as  those  of 
any  number  of  points  whose  angular  bearings  are  compared 
with  it  by  observation.  The  latter,  not  being  my  present  ob- 
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ject,  are  omitted.  The  following  are  the  results  of  all  my  ob¬ 
servations  for  latitude  computed  in  this  manner. 


Obs. 

Particular  Values. 

Successive  Results. 

0  /  V 

0 

/  1/ 

1.  1  = 

50  1  57.4 

56 

1  57.40  N. 

2. 

2  1.0 

1  59.20 

3. 

2  1.9 

2  0.10 

4. 

2  1.8 

2  0.52 

5. 

.  1  57.0 

1  59.82 

6. 

1  59.3 

1  59.73 

7. 

2  0.2 

1  59.80 

8. 

2  0.3 

1  59.80 

the  final  latitude  of  the  point  observed  is. 

5C 

1  59.80  N. 

licductlon  to  centre  of  tower  or  lontcni, 


Latitude  of  light, .  50  1  59.02 

Colonel  Colby’srcsultsfroinKellioLaw  observations, 50  1  59.00 


Difference, 


In  the  first  six  series  of  obsciwations  the  star  was  bisected  as  accurately  as 
possible,  but  in  the  two  last  the  wire  was  made  a  tangent  to  the  star. 

In  the  seventh  the  star  was  apparently  above  the  wire,  or  really  below  it, 
and  the  latitude  can;o  out,  ....  50'’  1'  55".2 

In  the  eighth  apparently  below,  .  .  .  50  2  5  .3 


Making  the  moan, .  50  2  0  .25 

Difference,  .  10  .1 

Half  difference,  or  half  the  thickness  of  the  wire,  5  .05 

Which,  applied  to  each  of  the  observations,  brought  out  the  results  of 
seventh  and  eighth  above. 


Mcchaln,  as  stated  in  the  “  Base  du  Systeme  Metrique, 
tom.  ii.”  p.  193,  always  supposed  the  thickness  of  the  wires  of 
the  telescope  belonging  to  his  repeating  circle  to  be  6",  though 
Delambre  found  the  thickness  of  his  to  be  8",  10'',  or  12". 
The  thickness  of  the  wires  of  my  telescope,  however,  ought  to 
have  been  greater,  unless  they  be  finer,  since  it  is  less  power¬ 
ful  than  theirs. 

To  conclude,  in  the  Calton  Hill  Observations,  volume  i. 
Introduction,  page  xxxviii.,  the  latitude  of  the  Observatory  is 
stated  at  55°  57'  23".2  N.,  which,  combined  with  the  bearing 
of  Inchkeith,  page  xii.  and  known  distance  30272  feet,  gives 
56°  2'  5''.8  N.  for  the  latitude  of  Inchkeith  Lighthouse,  ex¬ 
ceeding  Colonel  Colby’s  by  6".8.  and  mine  by  6".2.  To  what 
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cause  to  attribute  this  I  cannot  positively  say,  though  partial 
local  attraction  is  sufficient  to  account  for  it,  since,  in  other 
situations,  it  has  been  known  to  produce  greater  discrepancies 
between  the  observ'ed  and  geodetic  latitudes  than  what  has 
been  here  determined.  No  doubt,  in  the  course  of  time,  future 
observations  will  be  made  in  greater  number,  and  with  supe¬ 
rior  instruments  to  mine,  in  order  to  explain  this  anomaly  in 
a  satisfactory  manner.  I  cannot,  however,  understand  how, 
on  any  other  principles  than  those  of  local  attraction,  my  circle 
should  give  results  agreeing  with  those  of  the  mural  circle  at 
one  place,  and  disagreeing  at  another.  Till  then,  I  may  be 
allowed  to  infer  from  the  observations  I  have  made  and  de¬ 
tailed  in  the  preceding  paper,  that  the  anomaly  is  oiving  to  a 
partial  local  attraction  at  the  Calton  Hill,  whereby  the  plumb- 
line  is  deflected  towards  the  south,  thereby  throwing  the 
zenith  point  towards  the  north,  making  the  observed  latitude 
exceed  the  true  by  about  G"  or  7". 

1.  In  assuming  the  decrement  of  heat  at  240  feet  for  1° 
Fahrenheit  in  this  country  in  the  preceding  investigation,  as 
being  sufficiently  accurate  for  my  present  purpose,  I  still  ad¬ 
here  to  my  conclusions  in  a  former  paper  on  that  subject  read 
to  this  Society,  namely,  that  the  law  of  decrement  involves 
functions  of  the  height  and  latitude,  w'hich  is  borne  out  by  the 
fact,  that  the  decrement  for  considerable  heights,  and  for 
high  latitudes,  is  greater  than  that  derived  from  small  heights 
and  low  latitudes.  It  is,  generally  speaking,  greater  from 
Kamond’s  great  heights  than  from  smaller,  and  that  from 
the  barometric  observations  of  Captains  Sabine  and  Foster  to 
determine  a  height  at  Spitzbergen,  in  latitude  80°  N.,  there 
was  no  sensible  change  of  temperature  for  an  elevation  of 
1640  feet.*  From  these  remarks  it  would  also  follow  that 
the  decrement  will  also  change  with  the  season,  and  also  with 
the  hour  of  the  day.  This  is  partly  the  reason  why  even  the 
astronomical  refractions  in  the  Arctic  regions  were  found  by 
^he  late  Captain  Foster  to  be  very  different  from  those  in 
more  temperate  climates. 


*  From  a  mean  of  the  whole.  Some  of  them  indeed  indicate  a  grc.ater 
temperature  at  the  top  than  the  bottom. 
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2.  In  carrying  out  these  views,  will  the  Koenigsberg  Astro¬ 
nomical  Refractions,  given  by  M.  Bessel  in  the  Tabulae  Re- 
giomontanae,  be  conformable  to  the  climate  of  Greenwich  ? 
To  me  there  appears  to  be  some  doubt,  even  though  they  have 
been  adopted  by  Mr  Aiiy,  the  Astronomer-Royal  there. 

3.  If  the  formula  (14)  be  restricted  to  primary  triangula¬ 
tion,  by  assuming  a  mean  value  for 

F  —  0.745C,  there  will  be  obtained  for  secondary, 
arF  ,  /  1  1 

”  “  2B  J  ^  V  1  +  /3  (« —  50  V  ’“T+S'  •  •  •  • 

II.  Const  log  =  log  ^  =  7.451274. 

4.  If,  instead  of  using  proportional  logarithms,  the  usual 
tables  of  sines,  tangents,  &c.  be  employed,  the  following  for¬ 
mula?  must  be  substituted  in  place  of  those  at  page  341. 

1.  tan  M  =  tan  p  cos  t. 

2.  sin  X  =  sec  p  cos  u  cos  s'. 

3.  ^  =  X  +  M. 

4.  tan  m  =  tan  p  sin  t  sec  X. 

Here  u  is  minus  in  the  first  and  fourth  quadrants  of  t,  and 
phis  in  the  second  and  third. 

In  like  manner  m  is  west  in  the  first  and  second  quadrants 
of  t,  and  east  in  the  third  and  fourth. 

These  formula?  may  all  be  included  in  the  same  operation 
as  in  the  example  in  page  343,  and  they  will  be  found  very 
useful  in  finding  latitudes  and  azimuths  by  the  pole-star. 

P.  S. — Since  the  preceding  paper  was  drawn  up  I  have  ap¬ 
plied  the  small  correction  to  the  latitude,  on  account  of  the 
irregularity  of  the  motion  of  the  star  between  observations, 
first  pointed  out  by  Soldner,  and  estimated  the  probable  error 
by  the  formula  of  Baron  Fourier,  and  the  final  latitude  of 
Inchkeith  Light  is  56’  V  59".82  N.,  with  a  probable  error  of 
+  0."5.  The  Baron’s  formula,  however,  shews  merely  the 
deviation  from  consistency,  and  not  the  absolute  error,  because 
it  takes  no  account  of  constant  errors  in  the  instrument,  &c. 
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Notice  of  a  New  Signal-Light  for  Hailwags.  By  Alan  Ste¬ 
venson,  LL.B.  Civil  Engineer,  Edinburgh.  Communicated 
by  the  Society  of  Arts  for  Scotland.* 

The  numerous  accidents  attended  with  fatal  consequences 
which  have  lately  occurred  on  railways  have  exeited  much 
alarm  in  the  public  mind,  and  the  prevention  of  these  casual¬ 
ties  is  unquestionably  a  matter  of  great  importance.  The  ob¬ 
ject  of  this  communication  is,  to  point  out  one  source  of  dan¬ 
ger  to  which  several  of  the  late  accidents  may  be  attributed, 
and  to  suggest  the  means  of  its  removal ;  and  from  the  per¬ 
sonal  interest  which  all  must  have  in  the  improvement  of  rail¬ 
way-travelling,  both  as  regards  its  speed  and,  what  is  of  much 
greater  importance,  its  safety,  I  venture  to  hope  that  the 
following  observations,  although  limited  to  one  part  of  the 
subject,  will  not  be  found  to  have  been  unsuitably  addressed 
to  a  society  whose  province  it  is  to  improve  the  useful  arts. 

One  of  the  most  imperfect  parts  of  the  railway  system  is 
undoubtedly  the  uncertainty  of  the  night  signals,  and  to  this 
it  is  well  known  many  of  the  most  fatal  of  the  accidents  which 
have  occurred  must  be  traced.  The  great  object  of  these  sig¬ 
nal-lights  is,  to  announce  that  the  train  has  reached  a  certain 
point  of  its  course,  and  to  forewarn  the  engineman  of  his 
approach  tt)  a  station,  or  the  junction  of  a  branch  railway,  so 
that  the  speed  of  the  engine  may  be  checked  in  proper  time 
to  prevent  collision.  The  lights  used  for  this  purpose  are  ge¬ 
nerally  exhibited  at  the  place  the  approach  to  which  they  are 
intended  to  announce ;  but  the  distance  at  which  light  projected 
horizontally,  may  be  seen  by  a  person  approaching  in  the  line 
of  its  transmission  is  very  variable  according  to  the  state  of 
the  atmosphere,  which  in  our  climate  is  subject  to  great  and 
sudden  changes,  in  regard  to  clearness  and  fog.  These  va¬ 
riations  in  the  visibility  of  lights  of  extensive  range  are  by  no 
means  confined  within  narrow  limits,  as  experience  too  amply 
demonstrates  in  the  case  of  lighthouses,  whose  range  has  been 
known  to  vary  with  the  state  of  the  atmosphere,  from  sixty 


*  Head  before  the  Society  of  Arts  for  Scotland,  22d  February  1841. 
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miles  down  to  two  or  three  miles  ;  and  this  evil  is  unhappily 
one  of  those  which,  in  the  present  state  of  chemical  and  opti¬ 
cal  science  must,  we  fear,  be  pronounced  irremediable.  This 
defect,  great  as  it  is  in  regard  to  lighthouses,  is,  in  the  case  of 
railways,  materially  aggravated  by  the  exeessive  velocity  of 
railway-travelling.  Any  variation  in  the  distance  at  which  a 
signal-light  is  first  seen,  must  lead  to  great  misconceptions  as 
to  the  time  of  reaching  a  station,  and  all  such  misconceptions 
are  fraught  with  the  worst  consequences,  owing  to  the  nu¬ 
merous  sources  of  danger  from  the  crossings  of  branch  lines, 
the  meeting  of  carriages  on  the  rails,  or  the  occurrence  of  other 
accidents,  which  may  render  a  railway  impassable.  It  is  there¬ 
fore  obviously  indispensable  to  safety  that  the  signal-lights 
should  be  so  constructed,  that  in  all  states  of  the  weather  they 
shall  be  constantly  visible  at  the  same  point,  and  that  this 
point  shall  be  sufficiently  distant  from  the  station,  the  approach 
to  which  the  signal  is  intended  to  announce,  so  as  to  allow 
ample  time  for  checking  the  engine’s  speed  before  coming  up 
to  it ;  and  upon  no  other  gi’ounds  can  the  confidence  of  the 
public  as  to  their  security  be  reasonably  based.  ’ 

In  the  month  of  December  last,  it  occurred  to  me  in  the 
course  of  conversation  with  my  friend  Mr  Errington,  civil  en¬ 
gineer,  that  although  the  variation  in  the  visibility  of  lights  of 
distant  range  must,  according  to  our  present  knowledge,  be 
regarded  as  an  evil  without  remedy,  it  might  still  be  possible, 
by  means  of  some  arrangement  of  the  lights,  to  render  signals 
for  railways  constantly  visible  at  the  same  point  during  every 
state  of  the  atmosphere.  For  this  purpose,  all  that  seems  to 
be  necessary  is,  to  limit  the  range  of  the  lights,  and  at  the 
same  time  to  increase  their  intensity  in  such  a  manner  that  the 
combination  of  a  short  range  with  great  power  may  not  merely 
render  them  capable  of  penetrating  any  fog  however  dense, 
but  of  producing,  at  a  certain  point,  an  effect  so  brilliant  and 
striking  as  forcibly  to  arrest  the  engine  man’s  attention.  Af¬ 
ter  considering  the  matter  in  various  points  of  view,  1  came 
to  the  conclusion  that  the  object  could  be  best  attained  by 
placing  the  light  considerably  in  advance  of  the  station,  the 
approach  to  which  it  is  intended  to  announce,  and  by  giving 
the  beam  such  an  inclination  to  the  horizon,  that  its  greatest 
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power  may  fall  upon  the  engineman’s  face,  at  so  short  a  dis¬ 
tance  from  the  light  itself,  that  it  could  not  fail  to  be  always 
visible  at  that  point,  even  in  the  thickest  fog. 

According  to  the  present  practice,  a  comparatively  feeble 
light  is  exhibited  at  the  station  whose  position  it  is  intended 
to  point  out,  and  this  light,  which  is  permitted  to  pierce  the 
gloom  until  its  power  is  greatly  diluted  by  the  united  effects 
of  its  own  divergence,  and  the  length  of  its  passage  through  a 
foggy  medium,  must  necessarily  be  subject  to  constant  varia¬ 
tion  of  visibility  with  every  change  of  the  atmosphere.  The 
change  which  I  have  to  suggest,  is  to  place  a  light  of  great 
power  about  a  mile  in  advance  of  the  station,  and  at  the  same 
time  to  limit  its  range  by  the  depression  of  the  resultant  beam 
within  such  a  distance  as  to  ensure  its  being  visible  at  all 
times. 

The  arrangement  I  would  propose  for  the  attainment  of 
this  object  is  remarkably  simple,  and  consists  in  placing  one 
of  Fresnel’s  annular  lenses,  illuminated  by  a  gas  or  oil  burner, 
as  may  be  most  convenient,  in  a  small  chamber,  glazed  in 
front,  and  supported  on  a  stage  of  carpentry  of  sufficient  size 
to  span  the  rails,  and  pennit  the  train  to  pass  under  it ;  but 
the  purpose  might  perhaps  be  equally  well  served  by  placing 
the  stage  at  the  side  of  the  railway,  and  inclining  the  beam 
obliquely  to  the  line.  In  order  to  limit  the  range  of  the  lens 
to  a  short  distance,  and  thereby  to  ensure  the  light  being  vi¬ 
sible  in  all  states  of  the  weather  at  the  same  point,  I  would  in¬ 
cline  the  instrument,  so  that  the  length  of  the  trajectory  from 
the  lens  to  the  observer’s  eye  should  not  exceed  about  700 
feet,  which  falls  far  short  of  the  distance  at  which  the  light  of 
the  lens  would  be  obscured  even  in  the  thickest  fog.  I  may 
remark  that  the  inclination  of  the  lens  is  too  small  to  require 
any  correction  in  the  position  of  the  flame  ;  but  this  could  be 
easily  accomplished  if  necessary,  more  especially  when  gas  is 
employed.  In  curved  lines  of  railway  the  same  effect  might 
in  certain  cases  be  produced  by  placing  the  lens  on  a  level 
with  the  observer’s  eye,  and  directing  the  refracted  beam  so- 
as  to  cut  the  railway  obliquely.  In  this  case  the  limitation 
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of  range  would  be  produced  without  the  necessity  of  inclining 
tlie  lens  ;  but  the  principle  of  rendering  the  signal  at  all  times 
effective,  by  combining  a  short  range  and  a  powerful  light,  is 
the  same  in  both  arrangements. 

The  advantage  of  this  arrangement  I  conceive  to  be  great, 
for  not  only  would  the  light  be  at  all  times  visible  to  the  en- 
gineman  on  his  arrival  at  the  same  point,  which,  as  already 
mentioned,  is  really  the  great  object  of  signal-lights  ;  but  it 
is  obvious  that  his  attention  would  be  most  effectually  awak¬ 
ened  by  the  contrast  of  suddenly  passing  from  darkness  to 
receive  the  full  effect  of  a  powerful  light  viewed  from  a  short 
distance.  One  otlier  advantage  of  the  proposed  signal-light, 
I  must  observe,  lies  in  its  being  peculiarly  susceptible  of  any 
modification  of  colour,  whether  of  a  temporary  or  permanent 
kind,  which  the  numerous  and  growing  wants  of  an  extended 
railway-system  may  require.  The  alphabet  of  nocturnal  tele¬ 
graphy,  wherever  a  distant  range  is  required,  is  unhappily 
extremely  scanty  ;  for  the  practice  of  all  biurope  seems  to  have 
shewn  that,  so  fur  as  colour  is  concerned,  7-ed  and  white  are  its 
alpha  and  rniega :  green  and  blue  have  been  frequently  tried  ; 
but  cautious  inquirers  have  all  agreed  in  pronouncing  them  so 
equivocal  when  viewed  from  a  distance,  that  they  have  been 
almost  universally  abandoned.  These  colours,  however,  and 
even  much  less  marked  varieties,  although  useless  as  distinc¬ 
tions  for  lights  of  distant  range,  are  perfectly  effective  when 
viewed  from  short  distances,  as  the  brilliant  display  of  an 
apothecary’s  window  sufficiently  proves. 

I  shall  now  add  a  vei’y  few  words  regai’ding  what  ajipears 
to  me  to  be  the  chief  arrangements  which  may  in  practice  be 
found  necessary  for  signal-lights  on  these  principles ;  but  I 
would  not  be  understood  as  attempting  to  fix  any  thing  per¬ 
manently,  for  I  am  well  aware  that  various  modifications  may 
be  suggested  by  experiment,  which  I  do  not  at  present  foresee 
in  their  full  extent ;  in  particular,  it  seems  probable  that  the 
range  of  visibility  which  I  have  adopted  in  the  following  view 
of  the  details  falls  short  of  what  will  bo  found  quite  sufficient 
in  practice  even  during  the  thickest  fogs,  when  a  light  so 
powerful  as  that  which  may  be  derived  from  'Fresnel's  lens 
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is  brought  into  play  ;  and  should  this  expectation  be  realized, 
tlie  duration  of  tbe  effect  of  the  light,  which  depends  on  the 
range,  might  be  increased  beyond  what  I  have  ventured  to 
state. 


L. 


Referring  to  the  above  sketch,  I  would  propose  that  the 
lens  at  L  should  be  elevated  24  feet  above  the  rails  R  R,  or 
about  15  feet  above  the  level  of  the  engineman’s  eyes  ;  and 
that  the  point  where  the  centre  of  the  beam  would  intersect 
the  horizon,  A  C,  of  his  vision  at  E,  should  be  about  700  feet 
from  the  lens.  The  impulse  of  the  light  would  be  most  ad¬ 
vantageously  received  at  some  point  as  near  the  lens  as  is 
consistent  with  a  full  effect  from  a  flame  placed  in  its  princi¬ 
pal  focus.  A  more  remote  observer  w'ould  receive  the  rays 
diluted  by  distance  ;  while  a  nearer  approach  of  the  eye  to  the 
lens  would  render  it  necessary  to  adopt  an  ex-focal  arrange¬ 
ment,  so  as  to  cause  convergence  of  the  rays.  By  the  latter 
arrangement  their  divergence  would  be  decreased,  and  the 
space  covered  by  the  light  would  be  lessened  not  only  in  pro¬ 
portion  to  the  decrease  of  divergence,  but  also  to  that  of  the 
cosine  of  the  beam's  inclination  to  the  horizon.  Both  these 
circumstances  would  therefore  combine  to  curtail  the  duration 
of  the  impression  on  the  eye. 

It  may  naturally  be  expected  that  I  should  say  something 
regarding  the  duration  of  the  impulse  of  the  light  on  the  eye  ; 
and  upon  this  topic  I  shall,  in  absence  of  actual  experiment, 
content  myself  with  stating  briefly  the  result  of  my  calcula- 
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tions.  If  we  suppose  that  an  effective  divergence  of  only  2° 
were  to  be  obtained  (and  this  is  just  one-tbird  of  what  is  ob¬ 
tained  from  Fresnel’s  lens  with  the  great  lamp),  I  find  that 
the  light  would  spread  itself  along  the  horizon  of  the  observer’s 
eye  between  B  and  C  to  the  distance  of  about  1000  yards, 
which,  at  the  speed  of  40  miles  an  hour,  would  be  passed  over 
in  about  50  seconds,  but  at  the  ordinary  railway  speed  of  25 
miles  an  hour,  about  80  seconds,  or  minute,  would  be  re¬ 
quired.  Such  a  flash  of  light  falling  upon  the  polished  parts 
of  the  engine,  and  upon  the  observer’s  face,  would  undoubt¬ 
edly  act  as  a  most  effective  signal.  If,  however,  it  should  bo 
thought  advisable  to  increase  the  duration  of  the  impression 
by  spreading  it  over  a  greater  length  of  the  line,  this  effect 
could  be  easily  produced  by  a  slight  alteration  of  the  inclina¬ 
tion  of  the  lens,  so  as  to  cause  the  line  of  railway  to  cut  the 
refracted  beam  more  obliquely ;  but  I  by  no  means  expect 
that  any  such  modification  would  be  found  necessary  in  prac¬ 
tice.  The  nearness  of  the  eye  to  the  lens,  and  the  brilliancy 
of  the  flash,  would,  I  am  inclined  to  think,  more  than  compen¬ 
sate  for  the  shortness  of  the  impression. 

I  must  add  a  few  words  regarding  the  expense  of  these  sig¬ 
nals,  which  would  be  made  up  of  the  cost  of  erecting  the  scaf¬ 
fold  of  carpentry,  the  price  of  the  lens,  and  the  maintenance 
of  the  light.  The  price  of  the  stage  I  shall  pass  over  as  a  mat¬ 
ter  which  may  vary  according  to  the  circumstances  of  the  si¬ 
tuation  and  the  taste  of  individuals  ;  but  the  cost  of  the  great 
annular  lens  does  not  exceed  L.40  ;  and  if  a  smaller-sized  lens, 
which  I  think  would  be  found  quite  sufficient  for  the  purpose, 
were  employed,  the  expense  would  not  bo  more  than  L.IO. 
The  annual  maintenance  would  consist  of  little  more  than  the 
supply  of  a  gas  or  an  oil  burner.  The  consideration  of  the 
expense,  therefore,  of  maintaining  such  a  system  of  signals  at 
the  necessary  intervals  on  railways,  is  not  for  a  moment  to  be 
set  against  the  most  remote  risk  of  the  least  of  all  the  nume¬ 
rous  accidents,  the  records  of  which  fill  the  public  prints. 

Edinburob,  29'/i  Jamtaiy  1841. 
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On  the  Forms  assumed  by  Uncrystallized  Mineral  Substances, 
such  as  the  Ocellated  Stones  of  Fender  a  in  Upper  Egypt, 
the  Stones  of  Iniatra,  tj-c.  By  M.  Ehrenbeug.* 

The  ancients  liavc  often  spoken  of  the  sports  or  anomalies  of  nature 
(lusus  naturce)  as  so  many  attempts  to  produce  all  kinds  of  forms 
in  earthy  and  stony  substances.  In  consequence,  they  have  not  se¬ 
parated  true  petrifactions  and  organized  fossil  remains  from  inorganic 
formations,  and  have  considered  the  whole  as  the  incomplete  attempts 
at  development  made  by  a  formative  earth  acting  as  a  matrix.  Our 
notions  arc  now  altered,  3’et  naturalists  still  speak  of  the  sports  of 
nature  both  in  regard  to  inorganic  and  organic  matters ;  and  the  col¬ 
lectors  of  curiosities  continue  to  store  up  in  their  cabinets  inorg.anic 
forms  of  this  nature  as  remarkable  objects,  and  deserving  of  being 
viewed  with  interest.  It  may  be  admitted  that  they  arc  often  deserving 
of  this  attention  ;  but  at  the  same  time  thej*  arc  often  nothing  more  than 
stonj’  formations,  to  which  friction,  fracture,  splitting,  or  some  other  in¬ 
ternal  mechanical  action,  has  given  a  singular  aspect  which  can  be  of  no 
interest  to  science;  or  rather  it  may  be  said  that  the  caprice  or  imagina¬ 
tion  of  the  collector  has  ascribed  to  them  relations  and  analogies  of 
form,  just  as  frequently'  happens  with  figures  representing  clouds,  in 
which  every  one,  according  to  his  fancy,  thinks  he  can  discern  a  multi¬ 
tude  of  resemblances  to  known  objects. 

Among  inorganic  forms  of  the  highest  scientific  interest,  which  have 
excited  attention  from  the  most  ancient  date,  and  more  than  ever  in  re¬ 
cent  times,  arc  those  resulting  from  crj'stallization,  which  are  grouped 
with  mathematical  regularity,  perfectly  determinate  in  their  angles,  and 
produced  bj’  an  active  mode  of  formation.  Besides  this,  it  has  been 
ascertained,  that  this  remarkable  exterior  appearance  depended  on  the 
laws  of  their  internal  formation,  which  enable  us  to  explain  gcncrically 
and  positively  the  most  varied  changes  of  form,  and  to  recognise  the  ori¬ 
ginal  type  of  structure  even  in  an  amorphous  fragment. 

Besides  crystalline  forms,  a  scries  of  others  exist,  always  reproduced 
in  the  same  shape,  some  of  which  have  not  been  made  the  subject  of  obser¬ 
vation,  while  others  have  been  but  imperfectly'  studied.  They  are,  how¬ 
ever,  possessed  of  great  scientific  interest,  and  arc  frequently  met  with 
in  nature.  I  am  about  to  speak,  says  IM.  Ehrenberg,  of  the  occl- 
lated  stones  or  stones  d  lunette  of  Egypt,  which  arc  regular,  often  a  foot 
in  size,  and  which,  along  with  Dr  Hemprich,  I  discovered,  in  1321,  in  in- 
calctdablc  numbers  in  the  desert  of  Dcndera,  Upper  Egypt,t  where  they 


•  This  memoir  was  read  to  the  Royal  Academy  of  Berlin,  £9!h  June  1840. 
t  About  eiglit  j'ears  ago  we  received  from  tlic  Rev.  Vcrc  Monro  some  remark¬ 
able  annular-discoid  morpholites  brought  by  him  fium  Egypt.— Edit. 
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still  occupy  their  natural  situation  in  various  degrees  of  development, 
and  where  il  Collected  numerous  examples  now  submitted  to  the  in¬ 
spection  of  the  Academy.  Ever  since  that  time  these  bodies  have  afford¬ 
ed  me  a  subject  of  study,  and  I  have  endeavoured  to  ascertain  the  laws 
of  their  structure  in  two  different  ways  ;  first,  by  an  analytical  method, 
attempting  to  determine  their  mechanical  structure  by  means  of  delicate 
microscopic  examinations ;  second,  by  a  gcncrical  method,  endeavouring 
to  produce  similar  forms  artificially,  a  task  which  in  neither  of  these  cases 
had  been  previously  undertaken.  These  two  methods,  although  the 
trials  I  have  made  long  continued  fruitless,  are  still  attended  with  great 
difficulties,  and  are  but  in  their  infancy,  have  not  failed  to  present  results 
which  appear  to  me  worthy  of  being  submitted  to  the  Academy,  and,  ob¬ 
scure  though  they  still  are,  to  merit  not  the  less  on  that  account  a  fa¬ 
vourable  reception. 

Formerly,  in  1836,  when  1  communicated  the  results  of  my  analytical 
observations  by  the  microscope  on  the  regular  fundamental  forms  con¬ 
stituting  earthy  and  friable  (tendres)  mineral  substances,  I  spoke,  although 
with  reserve,  of  a  phenomenon  presented  by  certain  minerals,  of  a  re¬ 
gular  disposition  shewn  in  certain  very  minute  fundamental  corpuscles 
to  form  themselves  into  articulated  rods  and  rings,  which  sometimes  re¬ 
minded  the  observer  of  the  serial  linear  disposition  of  the  free  molecules 
of  bodies  under  the  influence  of  magnetism,  as  in  kalkguhr  and  meer¬ 
schaum  ;  and  at  other  times  indicating  a  force  acting  with  more  or  less 
energy  in  a  circle  or  spirally,  as  in  kaolin  and  chalk.  Microscopical 
researches  prosecuted  since  on  these  singular  relations,  have  afforded 
more  extensive  results,  and  the  regular  corpuscles  of  chalk,  which  I 
had  at  first  named  granulated  folia  {gckeernte  bltettchen)  will  henceforth, 
in  accordance  with  my  recent  works  on  the  formation  of  chalk  hg  micro¬ 
scopic  organisms,  assume  the  particular  and  characteristic  name  of  crystal¬ 
loids. 

New  and  successful  microscopic  observations  on  the  figured  stones  of 
Egypt,  have  enabled  me  to  ascertain  that  these  configurations,  resem¬ 
bling  the  corpuscles  of  kaolin  and  ehalk,  but  in  gigantic  proportions, 
have  in  all  probability  been  produced  by  the  same  agents  as  the  cor¬ 
puscles  of  the  latter,  only  with  'grosser  materials.  In  fact,  we  immedi¬ 
ately  recognise  in  these  Egyptian  formations,  whether  they’  be  in  rings, 
discs,  or  spheres,  and  varying  in  size  from  an  inch  to  a  foot,  the  animals 
of  the  chalk  (for  example,  Textillaria  glohiilosa)  whose  undissolved  calca¬ 
reous  coverings  have  been  subjected,  in  the  progress  of  their  formation, 
to  a  force  which  has  disposed  them  in  annular  scries.  These  arc  appear¬ 
ances  altogether  different  from  those  presented  by  the  flints  and  jaspers 
of  Egypt,  in  which  we  meet  with  imbedded  polythalames  only’  here  and 
there.  The  latter  arc  not  the  corpuscles  themselves,  but  only  their 
form  silicified  by  a  chemical  operation,  the  nature  of  which  is  un¬ 
known  to  us.  The  small  visible  calcareous  coverings  obtained  by  acids 
in  the  soluble  layers  of  the  figured  Egyptian  stones,  shew  distinctly  that 
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the  operation  to  which  they  owe  their  present  condition  did  not  consist 
of  a  composition  and  a  substitution  ;  that  it  was  not  of  a  chemical  na¬ 
ture  ;  that  it  did  not  take  place  slowly  and  in  a  continuous  manner,  but 
that  it  was  the  calm  and  tranquil  result  of  a  mechanical  deposition.  It 
may  easilj’'  happen  that  we  may  accidentally  notice,  in  a  chemical  opera¬ 
tion,  certain  identical  parts  which  have  undergone  no  change  notwith¬ 
standing  the  alteration  of  the  principal  mass,  just  as  we  find  unaltered 
flour  in  the  dough  of  bread,  chalk  in  silex,  or  foreign  substances  imbedded 
in  crystals  ;  but  heterogeneous  portions,  arranged  in  series  of  regular  for¬ 
mation,  present  a  character  peculiar  to  the  configurations  in  question^  in 
which  arc  formed,  in  a  manner  altogether  remarkable  and  difierent  from 
what  is  usually  observed,  and  under  the  influence  of  a  particular  force, 
lapideous  rings,  free,  concentric,  and  unconnected  with  each  other ;  be¬ 
tween  which  alternate  layers  of  lime  with  the  animalcules  of  the  chalk  arc 
deposited,  giving  rise  to  forms  having  a  solid  nucleus  with  a  free  but  solid 
ring,  suggesting  to  the  fancy  the  figure  of  Saturn  and  his  ring. 

From  these  researches  it  appears  how  important  it  is  to  examine  with 
more  attention  the  inorganic  forms  which  have  long  been  known  by  the 
name  of  clayej’,  marly,  or  calcareous  kidneys,  as  well  as  those  called 
Imatra  stones,  which  have  often  a  well-determined  shape,  .and  have  hi¬ 
therto  been  considered,  in  the  ingenious  and  exact  classifications  of  erj’s- 
tallography,  as  amorphous  masses,  and  placed  in  books  on  mineralogy 
among  stones  along  with  soft  minerals  of  the  same  species,  or  in  works 
on  geology  according  to  their  particular  position,  and  their  formation 
ascribed  to  the  general  agency  of  attraction.  It  appears  that  an  attempt 
has  likewise  been  made,  but  with  little  success,  to  ascribe  to  these  pheno¬ 
mena  the  formation  of  stalactites  as  well  as  that  of  oolites ;  but  Mr  Sedg¬ 
wick  has  sufficiently  shewn,  that  the  deposits  of  calcareous  kidneys,  so 
common  in  the  neighbourhood  of  Sunderland,  were  altogether  foreign 
to  the  formations  of  stalactites.  Properly  speaking,  they  are  only  forma¬ 
tions  resembling  oligistic  iron,  stalactitic  or  mamellatcd. 

Viewing  the  matter  in  another  light,  some  highly  respectable  mineral¬ 
ogists  have  thought  proper  to  form  the  crj-slalloids,  into  a  group,  which 
they  place  beside  crystals,  and  in  which  they  wish  to  arrange  in  syste¬ 
matic  order  all  minerals  of  a  capillary,  bacillary,  dendritic,  or  spicular 
form,  or  such  as  compose  oviform,  reniform,  or  tubular  stalactites,  in 
which  the  spheric.al  shape  would  be  ascribed  to  a  kind  of  attraction, 
while  the  stalactitic  would  be  confounded  with  that  of  adhesion  and  crys¬ 
tallization.  Other  savans,  on  the  contrary,  have  carefully  separated 
crystals,  and  have  regarded  all  the  other  forms  .as  modifications  of  amor¬ 
phous  structure.  A  few  months  ago,  the  Academy  of  St  Petersburg  heard 
a  remarkable  note  read  to  them  from  a  distinguished  observer  (M.  Par¬ 
rot)  who  after  having  examined  a  rich  collection  of  Imatra  stones,  con¬ 
cluded  that  they  must  be  regarded  as  an  extinct  family  of  molluscs  de¬ 
void  of  shells,  and  of  the  most  simple  organization,  to  which  he  desired 
to  assign  the  name  Imatra. 
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I  shall  now  proceed,  continues  M.  Ehrenberg,  to  the  description  of  the 
objects  which  have  fonned  the  basis  of  iny  observations. 

The  first  or  principal  basis  of  these  observations  was  the  stony  Egyp¬ 
tian  formation  mentioned  above,  belonging  to  the  calcareous  deposits  of 
Upper  Egypt,  which  presents  itself  in  abundance  in  the  form  of  spheres 
with  a  single  eye,  or  a  pair,  connected  as  in  spectacles  ;  this  formation 
occurs  in  a  small  horizontal  deposit  of  marl  in  the  midst  of  the  calcareous 
rocks  of  Dendera.  These  formations  arc  sometimes  regular  spheres 
about  a  foot  in  diameter,  but  the  greater  part  do  not  exceed  three  or 
four  inches,  collected  in  considerable  numbers,  and  resembling  piles  of 
common  balls,  sometimes  with  the  discs  more  or  less  flattened  and  regu¬ 
lar,  and  the  nucleus  globular  like  an  eyeball,  surrounded  with  bourrelets 
or  concentric  rings ;  sometimes  also  the  discs  are  double,  and  united 
like  the  eyes  of  a  pair  of  spectacles.  The  intermediate  forms  and  transi¬ 
tions  from  one  to  another  are  innumerable,  but  we  find  no  other  kind  of 
them. 

I  have  noticed  a  similar  structure  on  many  occasions  ;  among  others, 
in  the  silex  of  the  chalk  of  Rugen ;  in  a  stone  greatly  resembling  that  of 
Imatra,  coming  from  a  sandstone-formation,  like  the  figure  eight  lying 
on  its  side  eo ,  which  has  been  deposited  in  the  Royal  Cabinet  of  Miner- 
alogy,  and  was  obtained  from  the  Muschclkalk  of  Oberstrehlitz ;  as  well 
as  in  a  black  sphere,  seven  inches  in  diameter,  procured  from  the  coal 
formation  of  Ruhrthal,  and  which  may  be  seen  in  the  cabinet  of  the 
Ro3'al  Administration  of  Mines. 

The  recent  and  detailed  description  of  the  Finland  stones  of  Imatra, 
at  the  waterfall  of  the  same  name,  has  afforded,  in  connection  with  the 
previous  observations  of  HofTmann,  a  pretty  accurate  idea  of  their  forms, 
which  I  have  had  no  opportunity  of  studying  personalh*.  I  examined 
last  year  a  very  interesting  and  instructive  collection  of  these  regular 
forms,  belonging  to  Dr  Willandcr  of  Tunaberg  in  Sweden,  who,  when 
coming  to  Berlin,  brought  his  collection  with  him,  when  he  became  aware 
that  I  was  occupied  with  the  subject,  and  with  much  liberality  placed  it 
at  my  disposal.  The  marl  of  Tunaberg  is  certainly’  a  stonj*  formation 
completely  free  from  crystallization,  but  at  the  same  time  the  most  regu¬ 
lar  that  has  hitherto  been  met  with.  According  to  Wallerius  and  Linnaeus, 
such  formations  are  named  in  Sweden  malrckor  or  ncekhracd.  They  are 
distinguished,  as  all  other  similar  objects  were  bj’  Linnaeus,  by  the  name  of 
tophus  Indus  and  marga  porosa.  Finalh*,  the  editor  of  the  works  of  this  na¬ 
turalist,  in  1779  and  1783,  Gmelin,  has  classed  them  S3  stcmatically  among 
the  most  heterogeneous  kinds  of  bodies.  The  forms  of  Tunaberg  do  not 
appear  to  have  been  known  above  two  j’cars.  Thej'  are  met  with  near 
Fada-Muhle  in  a  deposit  of  fine  blue  clav’,  and  thc^'  alwaj's  present,  in  a 
very  accurate  and  striking  manner,  the  character  of  animal  structure,  sug¬ 
gesting  the  idea  of  petrified  molluscs. 

Dr  Willander  presented  me  with  47  specimens  chosen  probabh-  from 
many  thousands ;  M.  Thamnau  of  Berlin  also,  who  brought  upwards  of 
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1 00  specimens  from  Sweden,  permitted  me  to  select  from  his  collection 
the  forms  which  appeared  to  be  of  most  scientific  interest.  It  is  this  rich 
and  fine  collection  of  forms,  with  all  the  circumstances  of  development, 
and  coming  from  one  and  the  same  deposit,  that  I  have  now  the  honour 
to  present  to  the  Academy  for  inspection. 

Ilut  1  have  found  a  much  richer  source  of  materials  in  the  microscopic 
examination  of  the  primitive  phenomena  presented  by  the  structure  of  in¬ 
organic  forms ;  and  these  arc  the  materials  which  have  become  so  im¬ 
portant  as  to  form  the  basis  of  all  my  labours.  F or  several  years  past, 
the  observations  of  this  nature  made  by  me  have  been  published  and  dis¬ 
seminated,  and  1  have  already,  in  183G,  published  in  I’oggcndorflTs  Au- 
nals  the  most  remarkable  results  of  my  researches  on  the  formation  of 
crystals. 

The  results  of  my  obscrv’ations  on  these  forms,  and  the  analytical  re¬ 
searches  I  have  maele,  shew  at  once  that  it  is  convenient  to  establish  in 
all  the  phenomena  of  inorganic  form,  after  excluding  crystals,  several 
groups  entirely  distinct  from  each  other. 

One  of  the  groups  of  these  structures,  named  amorphous  or  irregu’ar, 
embraces  all  the  dendritic,  capillary,  stalactitic,  and  railiatcd  forms,  with¬ 
out  nucleus  and  similar  to  hrematite,  and  those  with  a  radiated-oolitic 
structure,  having  a  foreign  nucleus,  and  which  may  be  regarded  as  true 
crystals  confounded  together,  bearing  the  same  relation  to  simple  and 
distinct  crystalline  forms  that  the  massive  and  composite  polypi  present 
relatively  to  the  simple  polypi.  In  these  two  cases  the  individual  forms 
have  no  connection  with  the  shape  of  the  united  mass,  and  reciprocally. 
These  structures,  sometimes  easy,  and  at  other  times  very  difficult  to 
analyze  by  the  aid  of  the  microscope,  arc  agglomerations  of  small  crystals 
more  or  less  conformable,  and  following  certain  laws,  in  some  cases  capable 
of  being  recognised,  and  which,  in  relation  to  the  variety  or  the  regula¬ 
rity,  make  an  approach  to  those  of  the  structure  of  plants  founded  on 
the  development  of  the  bud.  All  these  forms  arc  not  crystalloids,  but 
masses  of  crystals,  or  well-determined  crystals  heaped  together  yeiierically, 
the  forms  of  which,  compressed  and  crushed,  are  called  druses  when  the 
crystals  can  be  easily  observed,  and,  when  the  structures  arc  less  dense 
and  more  delicate,  produce  dendritic  figures  in  the  shape  of  a  shrub,  moss, 
tree,  &c. 

The  Eg3'ptian  morpholites,  the  Imatra  stones  of  Finland,  and  those  of 
the  malrekor  of  Sweden,  are  entirely’  different  in  their  structure  from  those 
just  mentioned.  These  bodies  present  neither  an^-  radiation  from  the 
centre,  nor  any  appreciable  crj-stallinc  development  in  their  parallel 
planes  of  formation.  Thej’  exhibit  in  their  structure,  on  the  contrarj', 
and  in  a  ver^'  obvious  manner,  a  solid  circle  which  is  several  times  re¬ 
peated,  an  evidently  active  development  in  their  formation,  founded  on 
unifonn  laws,  and  frequentU’,  perhaps  always,  as  is  seen  in  the  Tunaberg 
specimens,  parting  from  many  axes  of  formation.  No  trace  of  organic 
structure,  whatever  ma}’  be  the  exterior  aspect,  is  ever  remarked  in  any 
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of  these  surprising  morpholites  of  Sweden,  no  more,  in  fact,  than  in  those 
of  Egypt  observed  in  such  great  numbers  ;  but  in  the  former  the  dominat¬ 
ing  and  modif\'ing  influence  of  many  axes  of  formation  can  often  be  dis¬ 
cerned  with  ease.  Generally  we  perceive  two  directions  of  development  in 
the  laws  of  their  structure,  one  concentric,  sometimes  horizontal  and  in 
one  sense  only,  which  constitutes  rays  and  discs,  sometimes  radiating  on 
all  sides,  which  produces  spheres  ;  the  other  is  linear,  and  emanates  from 
the  centre.  For  the  most  part  these  two  axes  exert  a  nearly  equal  power, 
or  else  one  of  them  is  superior  to  the  other.  It  thence  follows  that  the 
greater  number  of  these  morpholites,  in  consequence  of  the  predominating 
influence  of  the  linear  direction  of  development,  appear  egg-shaped  or 
fusiform ;  or,  owing  to  the  concentric  direction  prevailing,  or  the  two 
forces  being  equal,  assume  the  shape  of  discs  or  spheres,  or  are  in  an  in¬ 
determinate  condition.  Among  the  100  morpholites  of  Tunaberg,  how¬ 
ever,  which  I  had  an  opportunity  of  examining,  there  were  only  one  or 
two  which  had  not  a  well-marked  form.  When  we  witness,  as  happens 
in  rare  cases,  one  of  the  axes  of  formation  predominate,  there  result  ob¬ 
long  forms  with  discoidal  or  globular  envelopes,  or  having  dilatations  in  • 
the  middle,  or  else  the  shapes  arc  globular  with  one  or  two  tongue-shaped 
elongations  opposite  each  other.  We  rarely  notice  three  of  these  elonga¬ 
tions,  and  four  have  not  yet  been  met  with.  There  is  still  one  form  de¬ 
serving  attention,  and  that  is  the  decided  development  of  a  new  centre 
of  formation  at  the  two  extremities  of  the  linear  axis  of  formation,  the 
direction  of  which  always  cuts  the  first  at  right  angles,  producing  ap- 
I>cndages  in  the  shape  of  a  head  or  beak  at  the  ends  of  the  axis.  These 
ai>pendages  do  not  seem  formed  by  chance,  but  display  constant  forms, 
most  of  them  resembling  a  bird  with  the  head,  neck,  tail,  and  wings  folded 
together,  or  a  tortoise,  and  in  some  cases,  when  the  new  form  acquires 
lafge  size,  they  are  like  a  hammer.'*  In  this  remarkable  mode  of  forma¬ 
tion  there  are  often  found  foreign  bodies,  small  stones,  fragments  of  granite, 
&c.,  which,  as  in  the  chalk  of  Egypt,  are  imbedded  in  the  mass.  Often 
also  there  arc  accidentally  found  in  the  cla3’-strata,  rolled  pebbles  and 
the  fragments  of  primitive  rocks,  which  have  adhered  to  the  morpholites 
as  they  were  beginning  to  form  ;  this  we  may  notice  in  the  present  col¬ 
lection  on  a  piece  of  slatj*  hornblende,  where  large  grains  are  perceived, 
and  to  which  two  small  morpholites  arc  firmh’  attached. 

In  the  stones  of  Imatra,  the  observer  of  Petersburg,  formerly  men¬ 
tioned,  has  noticed  as  many  as  five  successive  or  developed  forms,  one 
on  the  other.  In  those  of  Tunaberg,  I  never  perceived  more  than  two 
and  a  third  beginning  to  form  ;  but  in  the  collection  of  M.  Krantz  of  Ber¬ 
lin,  there  is  a  specimen  from  the  mountain  limestone  near  Dublin,  on 
which  arc  to  be  seen  five  bodies  of  this  species  linearly  developed,  one  on 
the  other,  and  many  others  of  the  same  kind  adhering  to  its  sides.  In 

*  The  well-known  “  Fairy  stones”  of  Scotland,  which  are  washed  out  by  so 
many  of  our  rivers  from  the  beds  of  clay  connected  with  the  red  sandstone  forma¬ 
tions,  are  examples  of  the  forms  here  described. — Edit, 
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this  case,  the  fineness  of  the  matter,  the  elegance  and  regularity  of  the 
form,  would  appear,  in  equal  circumstances,  to  be  increased  in  a  remark¬ 
able  manner. 

Besides  observations  on  the  form  and  a  microscopic  analysis  of  these 
bodies,  1  have  made  experiments  with  precipitates  and  the  residuum  of 
a  great  variety  of  substances,  and  have  taken  particular  care  to  examine 
the  fonns  of  the  calcareous  precipitates  under  the  microscope.  Tlie  fol¬ 
lowing  are  the  principal  results  of  mj’  inquiries. 

I  could  not  succeed,  either  on  a  former  occasion  or  at  the  present,  in 
iniitiiting  the  true  corpuscles  of  the  chalk,  but  only  produced  something 
bearing  some  resemblance  to  them.  These  precipitates  of  carbonate  of 
lime  presented  forms  of  very  great  variety. 

Tlie  microscope  enabled  me,  in  general,  to  perceive  solid  coneretions, 
under  three  principal  forms. 

First,  In  the  form  of  an  indeterminate,  homogeneous,  vitreous  mass. 
Tliis  structure  appeared  like  an  irregular  and  rapid  aggregation  of  very 
minute  particles  of  matter,  pretty  equal  among  themselves. 

Secondly,  As  corpuscles  regularly  conformable,  which  derived  their 
shape  from  very  minute  particles  of  matter,  round  in  appearance,  ap¬ 
proaching  each  other  in  diflerent  degrees  of  development,  and  seemingly 
subjected  to  an  internal  central  force  of  attraetion  or  formation.  Thi'i  is 
the  most  common  appearance  presented  bj'  the  precipitates  or  combina¬ 
tions  of  the  most  varied  description.  1  have  found  these  corpuscles  to 
be  in  every  respect  analogous  to  the  large  niorpholites  spoken  c  f  above. 
In  a  flake  or  nebulosity,  at  first  very  slight,  we  see  simple  spheres  fonned 
of  fine  grains,  double  spheres.  Kidneys,  double  kidneys,  articulated  rods, 
granular  rings,  and  lastly  bodies  which  run  into  each  other,  and  resemble 
a  bramblcbcrry.  The  four  first  arc  simple  forms,  the  rest  have  always 
presented  a  higher  degree  of  development,  not  appearing  as  simple  struc¬ 
tures  but  highly  composite.  These  various  series  of  forms  arc  what  I  name 
Moryholites  or  Crystalloids.  They  result  from  an  internal  force  which  dis¬ 
poses  the  material  particles  in  a  certain  order  without  producing  any 
change  upon  them. 

Thirdly,  In  forms  having  the  character  of  a  structure  with  parallel 
faces,  such  as  that  which  distinguishes  crj-stals.  This  mode  of  structure, 
however,  appears  from  observation  to  be  rarely  primary,  but  rather  se¬ 
condary.  The  first  example  occurs  when  the  regulating  force  has  inter¬ 
fered,  often  also  when  it  has  ceased  to  act.  Occasionalh-  this  struc¬ 
ture  proceeds  with  incredible  activitj’ ;  sometimes  it  advances  slowly. 
The  intervention  of  the  force  of  crystallisation  causes  the  grains  to  disap¬ 
pear.  .^It  is  a  chemical  process  of  transformation.  Never  have  I  seen  a 
crystal  forming  itself  of  visible  material  corpuscles,  but  almost  always  by 
a  wonderful  and  sudden  transformation  of  small  niorpholites  or  crystal¬ 
loids  into  cither  simple  or  composite  crystals,  according  as  the  former  were 
either  simple  or  in  groups.  These  sudden  transformations  have  formerly 
been  noticed  by  other  observers,  but  under  difierent  relations,  and  among 
others,  in  the  chloro-arsenlatc  of  lead,  which,  from  being  at  first  in  grains 
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of  saffron-yellow,  is  all  at  once  transformed  into  dendritic  erystals  of 
deep-red,  and  wliicli  Professor  Erdmann  has  recently  prepared  with  the 
chloro-arseniate  of  potass  and  the  acetate  of  lead.  This  salt  shews  us  the 
liiiest  example  of  these  singular  metamorphoses.  It  must  therefore  be 
considered  as  demonstrated,  that  crystals  neither  exist  nor  can  exist 
without  a  previous  mechanical  crystalloidal  deposition  of  particles. 

It  is  not  our  purpose  here  to  inquire,  whether  all  these  phenomena  arc 
owing  to  the  general  force  of  attraction,  or,  whether,  as  Mr  Faraday  has 
alleged  with  some  reason,  electricity  be  not  the  most  general  principle 
which  regulates  chciuieal  and  magnctological  actions,  and  even  many  of 
those  of  vegetable  and  animal  life  ;  but  when  we  can  here  recognise  one 
of  the  modifications  of  the  general  force  which  regulates  the  formation  of 
bodies  in  crystallization,  we  may  well  likewise  admit  a  crystalloidal  or 
morpholltic  force.  Mj’  design,  however,  has  principally  been  to  draw 
attention  to  these  singular  phenomena  and  their  relations,  and  to  shew, 
that  .at  times  cr3'stalloidal  structures  must  exercise  a  considerable  influ¬ 
ence  in  the  formation  of  masses  of  friable  rocks  which  have  not  reached  the 
point  of  cr^’st.allization. 

I  have  likewise  been  led  to  the  discoverj'  of  a  solid  centre  of  compo¬ 
sition  in  the  structure  of  isolated  rings.  After  manj'  researches,  I  suc¬ 
ceeded  in  discovering  this  in  sulphur.  When  oil  is  poured  on  flowers  of 
sulphur,  we  often  see  cr^'stals  of  sulphur  separate  themselves  around  the 
gramdes,  while  the  granules  disappear.  In  other  instances,  masses  of 
dendritic  or  linear  crystals  are  formed,  which  afterwards  constitute  iso¬ 
lated  cr^'stals.  In  manj’  other  circumstances  besides,  we  sec  a  cloudy 
concentric  halo,  bro.ad  and  interrupted,  appear  round  each  granule, 
which  afterwards  produces  a  crystal.  The  appearance  en  lunette  is  pro¬ 
duced  when  two  granules  approach  each  other  with  equ.'d  force.  Per¬ 
haps  one  might  succeed,  by  observing  the  relations  which  similar  erj’s- 
tallizatlons  present  when  they  proceed  slowlj-,  in  diseovering  other  in¬ 
teresting  phenomena  ;  but  it  was  not  till  after  manj’  trials,  that  I  man.ngcd 
to  observe  in  a  state  of  activitj',  the  rapid  and  elegant  crystallization  of 
salts,  and  to  watch  the  formation  of  a  siliceous  sphere  going  on  under  mj' 
eyes.  Docs  the  ditliculty  consist  in  the  extreme  minuteness,  or  the  trans¬ 
parency  of  the  elementary'  parts,  or  rather  in  the  absence  of  these  proper¬ 
ties,  or,  lastly,  in  the  rapidity  with  which  the  operation  takes  place  ? 

Sj)eculations  as  to  the  Primary  Source  of  the  Carbon  and 
Nitrogen  present  in  Plants  and  Animals.  By  Charles 
Daueen'y,  M.D.,  F.R.S.,  &c.  &c.* 

Dr  Daubeny' stiys :  I  cannot  refrain  from  calling  attention  to  the  fact, 
that  carbonic  acid  and  ammonia,  which  have  been  shewn  to  be  the  sources  re- 
sjicctivclg  of  the  carbon  and  the  nitrogen  of  plants,  on  the  one  hand  exist  in 

*  The  interesting  speculations  of  Dr  Daubeny  here  given  arc  extracted  from 
the  Djctor's  valuabb  Lectures  on  Agriculture  just  published.  Long  before  the 
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tnch  variable  proportions  in  the  atmosphere,  that  they  may  appear,  from  this 
circumstance  alone,  to  be  extraneous  to  its  composition  ;  and,  on  the  other, 
are  both  seen  to  proceed,  even  at  the  present  day,  from  the  interior  of  the 
earth,  in  various  parts  of  the  ylobv. 

Every  one  ■who  has  made  the  phenomena  of  volcanos  the  subject  of 
his  attention,  is  conversant  with  the  fact,  that  volumes  of  carbonic  acid 
arc  constantly  issuing  from  the  earth,  not  only  in  places  where  igneous 
action  manifests  itself,  but  also  wherever  we  have  reason  to  believe  that  it 
has  formerly  existed,  though  apparently  in  a  dormant  condition  at  present. 

Those,  too,  who  have  visited  any  active  volcano,  must  needs  have  re¬ 
marked,  that  sal  ammoniac  is  sublimed  in  large  quantities  from  the  sub¬ 
stance  of  lava  currents  recently  ejected,  and  likewise  from  the  crevices  of 
mountains  in  which  the  eruptions  have  taken  place.* 

Professor  Liebig  has  also  pointed  out,  that  ammonia  is  a  constant  ac¬ 
companiment  of  the  boracic  acid  disengaged  by  volcanic  action  from  the 
lagoons  in  Tuscany,  and  it  is  satisfactory  to  me  to  find  that  distinguished 
chemist  confirming,  by  his  authority,  the  view  which  I  had  long  ago  held 
and  maintained,  namely,  that  the  ammonia  in  these  cases  cannot  by  pos¬ 
sibility  be  derived  from  the  decomposition  of  organic  matter,  since  no 
beings  could  live  at  such  a  temperature  as  that  indicated  by  tlie  steam 
which  holds  it  in  solution. 

Hence,  like  the  carbonic  acid,  ammonia  must  have  been  derived  from  cer¬ 
tain  processes  taking  place  in  the  interior  of  the  globe,t  processes  which 
may  have  preceded  the  existence  of  living  beings,  and  which  may  have 
fulfilled  some  important  office  in  the  economy  of  nature,  subservient  to 
their  existence  and  production.  Startling,  indeed,  as  the  position  may 
appear,  yet,  being  backed  by  the  authority  of  Liebig,  I  shall  no  longer 
scruple  to  suggest  as  a  matter  at  least  of  probable  conjecture,  that  every 
particle  of  carbon,  as  well  as  of  nitrogen,  which  enters  into  the  constitu¬ 
tion  of  the  plants  and  animals,  either  now  existing,  or  which  have  existed 
since  the  beginning  of  time,  may  have  been  originall}’  evolved  from  the 
interior  of  the  globe, 

Tlie  only  mode  that  suggests  itself  by  which  we  can  escape  from  this 
conclusion,  consists  in  supposing,  Is/,  that  when  it  first  pleased  the  Al¬ 
mighty  to  call  plants  into  existence.  He  at  once  overspread  the  globe  with 
them,  without  availing  himself  of  the  operation  of  secondary  causes  to 
bring  about  their  dissemination  ;  2dly,  that  the  amount  of  carbon  and 
of  nitrogen  contained  in  the  plants  created,  sufficed  for  supplying  the 
entire  animal  kingdom,  in  proportion  as  it  extended  itself,  with  the  or¬ 
ganic  matter  which  it  would  require ;  3«//y,  that  no  increase  to  the  col- 

nppearance  of  Professor  Liebig's  work,  w^c  maintained,  on  geological  grounds,  in  our 
lectures,  a  similar  speculation.— Edit. 

•  See  my  Memoir  on  the  Eruption  of  Vesuvius  in  1834,  published  in  the  Phi¬ 
losophical  Transactions  for  1835. 

t  Liebig,  p.  112. 


3G2 


Dr  Danbeny’s  Speculations  as  to  the 

lective  amount  of  the  animal  and  of  the  vegetable  matter  in  existence 
has  taken  place,  from  the  first  period  at  which  they  were  called  into 
being,  up  to  the  present  time.  Unless  all  these  three  postulates  be  as¬ 
sumed,  it  seems  difficult  not  to  attribute  to  gases  evolved  from  inorganic 
sources,  the  first  origin  of  those  organic  matters  of  which  both  plants  and 
animals  consist. 

Now,  it  wiil  perhaps  to  some  of  my  hearers  appear  futile,  and  even  almost 
presumptuous,  to  go  back,  as  it  were,  to  the  dawn  of  creation,  and  to 
speculate  on  events  that  may  have  occurred  at  the  first  commencement 
of  organic  life.  Nevertheless,  I  may  be  permitted  to  observe  thus  much, 
namely,  that  analogy  seems  to  favour  the  supposition  of  each  species  of 
plant  having  been  originally  formed  in  one  particular  locality,*  from 
whence  it  spread  itself  gradually  over  a  certain  area,  rather  than  that 
the  earth  was  at  once,  by  the  fiat  of  the  Almighty,  covered  with  vegeta¬ 
tion  in  the  manner  we  at  present  behold  it. 

The  human  race,  as  we  are  informed  by  the  highest  authority,  is  de¬ 
scended  from  a  single  pair,  and  the  distribution  of  plants  and  animals 
over  a  certain  definite  area,  would  seem  to  imply  that  the  same  was  the 
general  law.  Analogy  would  also  lead  us  to  suspect,  that  the  extension 
of  species  over  the  earth  originally  took  place  on  the  same  plan  on 
which  it  is  conducted  at  present,  when  a  new  island  starts  up  in  the 
midst  of  the  ocean,  produced  either  by  a  coral  reef  or  by  volcanic  eleva¬ 
tion.  In  these  cases,  we  do  not  find  the  whole  surface  at  once  overspread 
with  plants,  but  we  can  trace  the  gradual  progress  of  vegetation  from  the 
chance  introduction  of  a  single  seed,  perhaps,  of  each  sjiccies,  floated  to 
it  by  currents,  or  wafted  by  winds.  Nor,  indeed,  does  it  seem  pro¬ 
bable,  that  a  preternatural  cause  should  have  operated  in  covering  the 
earth  with  plants,  when  natural  ones  are  supposed  to  have  been  instru¬ 
mental  ill  the  formation  of  the  strata  upon  which  they  grew.  Since  these 
latter  have  been  built  up  gradually  through  the  successive  accumulation 
of  mineral  and  organic  deposits,  in  which  act  Omnipotence  did  not  di¬ 
rectly  interpose,  we  should  be  disposed  to  refer  the  full  development  of 
the  former  to  a  slow  dissemination  of  individuals  in  eonformity  with  na¬ 
tural  laws,  and  to  ascribe  to  the  immediate  hand  of  the  Deity  only  the 
first  introduction  of  a  species. 

Such  an  exertion  of  creative  power  as  is  implied  by  suddenly  calling 
into  existence  all  the  plants  of  a  jiarticular  period,  seems  the  more  im¬ 
probable  when  we  recollect  that  it  must  have  been  repeated  at  several 
successive  epochs,  since  we  cannot  suppose  that  the  whole  globe  would 


*  Mr  Lyell  proposes  the  following  hypothesis,  as  being  reconcilable  with  known 
fticts,  viz.  “  That  each  sj,ccies  may  have  had  its  origin  in  a  single  pairor  individual, 
where  an  individual  was  sullicient,  and  that  species  may  have  been  created  in  suc¬ 
cession,  at  such  times  and  in  such  places  as  to  enable  them  to  multiply  and  endure 
for  an  appointed  period,  and  occupy  an  appointed  space  on  the  globe.”  Principles 
of  Geology,  vol.  ii.  chaj;,  8. 
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liave  been  in  an  equally  forward  condition,  so  as  to  be  ready  at  the  same 
moment  for  the  reception  of  a  redundant  vegetation.  If,  however,  we 
were  to  grant  that  the  whole  of  the  primary  vegetation  of  the  globe  had 
started  into  being  at  once,  as  soon  as  the  conditions  of  the  earth’s  sur¬ 
face  admitted,  we  should  be  bound  to  suppose  the  character  of  the 
plants  analogous  rather  to  those  existing  in  countries  not  yet  brought 
under  the  dominion  of  man,  than  to  those  of  cultivated  districts. 

Now,  it  is  to  be  remarked,  that  the  plants  most  useful  to  the  higher 
classes  of  animals,  inasmuch  as  they  afford  the  greatest  abundance  of 
nourishment,  are  comparatively  rare  in  a  wild  condition,  and  when  they 
occur,  are  generally  deficient  in  those  principles  on  which  their  value  as 
arlicles  of  food  depends. 

The  forests  which,  under  such  circumstances,  cover  so  large  a  portion 
of  the  surface,  contain  but  a  small  amount  of  nitrogen,  for  woody  fibre, 
which  constitutes  the  greater  part  of  their  bulk,  is  wholly  destitute  of 
that  principle.  The  cruciferm,  the  elifferent  species  of  cereal  grasses,  and 
other  plants  rich  in  nitrogen,  require  for  their  full  development  aiilmal 
manure,  and  therefore,  if  they  had  come  into  being  at  all  at  this  early 
period,  must  have  been  stunted  in  their  growth  and  limited  in  their  dis¬ 
tribution. 

Tlicncc,  it  maj’  be  fairly  doubted  whether  the  whole  amount  of  the 
plants  which  existed  at  one  time  on  the  surface  of  the  globe,  would  have 
furnished  azote  enough  for  the  animals  of  any  given  period. 

Thirdly,  it  seems  reasonable  to  suppose  that  civilization  has,  upon  the 
whole,  increased  the  aggregate  of  animal  life  as  well  as  that  of  such  vege¬ 
tables  as  contain  the  largest  quantity  of  nutritious  matter.  I  am  aware 
how  difficult  it  would  be  to  establish  this  last  position  in  a  manner  per¬ 
fectly  unexceptionable,  because  the  progress  of  human  society  is  attended 
by  a  corresponding  diminution  in  the  amount  of  those  animals  and  of 
these  plants  which  arc  not  dependent  on  man,  and  it  seems  impossible  to 
strike  a  correct  balance  between  the  effects  attributable  to  these  two 
counteracting  causes.  Nevertheless,  the  following  considerations  may 
perhaps  be  allowed  to  favour  the  opinion  which  I  have  been  advocating. 

There  can  be  little  doubt  that,  within  the  area  embraced  by  culture, 
the  amount  of  nutritious  matter  goes  on  increasing  with  the  care  bestow'ed 
upon  the  land,  and  that  the  number  of  animals  maintained  is  in  consequence 
proportionably  increased.  This  will  be  the  case  on  a  well-managed  farm, 
even  where  (being  situate  at  a  distance  from  a  town),  it  consumes  no 
more  manure  than  is  obtained  on  the  premises.  At  the  end  of  a  century 
the  live  stock  may  be  increased,  the  crops  may  be  more  abundant  than 
they  were  at  the  beginning,  and  yet  every  year  a  large  quantity  of  car¬ 
bon  and  nitrogen  will  h-avc  been  carried  off  in  the  shape  of  the  corn  and 
cattle  sold.  Whence  docs  this  excess  of  carbon  and  of  nitrogen  then 
proceed  ?  If  from  the  decomposition  of  animals  and  vegetables  extraneous 
to  the  farm,  other  portions  of  the  globe  must  suffer  in  proportion  to  what 
is  gained  by  those  in  cultivation,  and  hence  the  vegetation,  as  well  as  the 
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amount  of  animal  life,  in  regions  wliicli  continue  in  a  state  of  nature,  will 
decrease  in  proportion  to  the  increase  of  those  brought  under  subjection 
to  man. 

But  we  have  not  the  slightest  reason  to  imagine  such  to  be  the  case, 
nor  is  there  any  ground  for  believing  that  plants  in  a  wild  condition  are 
Unable  to  compete  with  cultivated  ones,  in  the  power  of  supplying  them¬ 
selves  with  those  principles  which  arc  necessary  for  their  existence  ;  al¬ 
though  it  be  true  that  man,  by  selecting  for  culture  such  as  afford  him 
the  greatest  amount  of  nutriment,  causes  more  nitrogen  to  be  abstracted 
from  the  air  than  would  otherwise  happen. 

But  what  appears  to  me  the  most  decisive  objection  yet  remains  to  be 
stated.  Once  grant,  with  Liebig,  that  the  nitrogen  which  plants  possess 
can  only  be  obtained  by  them  through  the  decomposition  of  ammonia, 
audit  will  follow,  that,  unless  this  gas  be  supplied  from  the  interior  of  the 
globe,  the  quantity  of  organic  matter  into  which  this  principle  enters  as 
a  component  part  w’ill  be  undergoing  a  continual  diminution. 

For  we  know  of  no  natural  processes  taking  place  on  the  surface  of  the 
globe  which  generate  ammonia,  excepting  those  connected  with  animal 
and  vegetable  decomposition ;  whilst  there  are  man}’ — such  as  the  com¬ 
bustion  of  various  organic  substances — which,  by  resolving  bodies  con¬ 
taining  nitrogen  into  their  constituent  elements,  would  have  diminished 
the  aggregate  amount  of  them  which  might  have  formerly  existed. 

Some  compensating  process,  therefore,  is  clearly  required ;  and  that,  if 
I  mistake  not,  is  the  disengagement  of  ammoniacal  gas  from  the  interior  of 
the  globe.  Possibly,  however,  it  may  be  suggested  as  another  alterna¬ 
tive,  that  the  quantity  of  these  two  gases  which  would  be  required  for 
the  subsistence  of  the  whole  vegetable  and  the  whole  animal  kingdom, 
when  first  called  into  being,  and  likewise  all  that  which  might  be  neces¬ 
sary  to  supply  the  loss  of  ammonia  occasioned  by  combustion,  &c. 
through  all  succeeding  ages,  might  have  been  ready  prepared  in  the  atmo¬ 
sphere  prior  to  their  creation. 

But  independently  of  the  difficulty  of  conceiving,  in  the  case  of  am¬ 
monia,  by  what  means  the  particles  of  hydrogen  and  of  nitrogen  could 
have  been  brought  to  combine  on  the  surface  of  the  globe  without  hav¬ 
ing  been  previously  deprived  of  their  elastic  condition,  those  who  pro¬ 
pound  this  hypothesis  ought  to  be  prepared  to  shew,  that  an  atmosphere 
charged  with  the  gases  in  question  to  the  extent  which  is  assumed,  would 
not  have  been  fatal  to  beings  possessing  an  organization  analogous  to  that 
of  the  existing  races. 

To  confine  ourselves  to  ammonia,  l)rs  Turner  and  Christison  have 
shewn  that  less  than  part  of  this  gas,  introduced  into  air,  caused,  in 
ten  hours,  a  shrivelling  and  drooping  of  the  leaves  of  a  plant,  and  its  sub¬ 
sequent  death.  It  may  be  doubted,  therefore,  whether  even  tb'su 
would  not  be  too  powerful  a  dose  for  the  continuance  of  the  healthy 
functions  of  the  vegetable  world,  if  permanently  present,  considering  that 
the  juices  of  the  plant,  and  the  moisture  of  the  earth  in  which  it  grows. 
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would  be  continually  drawing  from  the  atmosphere  a  constituent  so  so¬ 
luble  in  water,  and  thus  presenting  it  in  a  state  of  much  greater  concen¬ 
tration. 

\V  hat  the  amount  of  nitrogen  existing  in  all  the  plants  and  animals, 
either  living  or  preserved  from  decay,  throughout  the  globe,  may  be,  it 
would  be  extremely  difficult  to  determine  ;  but  admitting  Liebig’s  prin¬ 
ciples,  it  will  follow,  that  the  amount  of  ammonia  actually  existing  in  the 
air  will  represent  the  average  quantity  which,  at  each  moment  of  time,  is 
disengaged  from  the  organic  matter  of  all  kinds  undergoing  decompo¬ 
sition. 

The  quantlt}'  of  ammonia  present  in  the  atmosphere  under  existing  cir¬ 
cumstances  will,  therefore,  bear  the  same  ratio  to  that  required  for  the 
maintenance  of  the  whole  animal  and  vegetable  creation  taken  together, 
as  the  amount  of  organic  matter,  at  any  given  time,  undergoing  decom¬ 
position,  docs  to  that  in  a  state  of  life,  or  of  preservation  from  decay. 
Now,  it  may  be  collected,  I  think,  from  Liebig’s  statements,  that  a  pound 
of  rain  water  sometimes  contains  as  much  ns  |th  of  a  grain  of  ammonia, 
or  about  ^^^s^thpart.  Could  we  tell,  therefore,  the  proportion  which  the 
quantity  of  organic  matter  undergoing  decay  bears  to  that  in  a  living  or 
sound  condition,  we  might  obtain  the  means  of  estimating  whether  the 
whole  amount  of  nitrogen  existing  throughout  the  globe,  if  it  were  at 
once  dilTused  through  the  atmosphere,  would  not  communicate  to  it  de¬ 
leterious  qualities. 

I  have  said  that  the  onus  probandi  ought  to  rest  with  those  who  pro¬ 
pound  the  last-mentioned  hypothesis ;  because,  undoubtedly,  a  presump¬ 
tion  would  seem  to  exist  in  favour  of  the  view  for  which  I  have  myself 
contended,  from  our  having  direct  evidence  that  the  evolution  of  these 
gases  from  the  interior  of  the  globe  is  proceeding  continually.  Hence, 
it  seems  natural  to  attribute  to  a  phenomenon  at  once  so  constant  and  so 
general,  some  end  in  the  economy  of  nature,  and  to  suppose  it  to  have 
been  going  on,  like  the  volcanic  processes  which  produce  it,  without  in¬ 
terruption,  from  the  beginning  of  time. 

Granting,  then,  what  upon  Liebig’s  principles  seems  most  consistent 
with  analogy,  namely,  that  the  ammonia,  no  less  than  the  carbonic  acid 
which  formed  the  food  of  the  flrst  plants,  has  been  produced,  not  by  pro¬ 
cesses  of  animal  decay,  but  by  such  as  were  proceeding  within  the  globe 
prior  to  the  creation  of  living  beings, — the  notion  of  a  slow  and  continu¬ 
ous  disengagement  of  both  compounds,  from  the  earliest  period  to  the 
present  time,  will  be  received,  perhaps,  as  at  least  the  most  probable 
mode  of  account  for  their  unfailing  supply.  Whilst  it  relieves  us  from 
tlie  difhculty  of  supposing  the  atmosphere  surcharged  with  these  gases  at 
any  one  period,  it  suggests  to  us,  at  the  same  time,  sublime  and  interest¬ 
ing  views  of  the  arrangements  of  the  Deity,  in  thus  having  made  all  things 
subservient  to  one  common  end,  and  having  ordained  that  the  mighty 
agents  of  destruction  which  exist  in  the  bowels  of  the  earth  should  mi¬ 
nister,  like  the  malignant  genii  of  some  eastern  fable,  to  the  wants  a  nd 
necessities  of  the  living  beings  which  He  has  placed  upon  its  surface. 
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What  may  have  been  the  nature  of  the  processes  which  have  brought 
about  the  disengagement  of  these  gases,  I  have  discussed  at  full  in  my 
work  on  Volcanos,*  and  in  other  subsequent  publications.  At  present,  1 
will  only  remark  that,  whilst  the  evolution  of  carbonic  acid  indicates  per¬ 
haps  nothing  more  than  tlie  operation  of  subterranean  heat,  the  escape  of 
atmospheric  air,  deprived  of  a  portion  of  its  oxygen,  seems  to  imply  that 
this  heat  originates  in  internal  combustion,  by  which  oxygen  is  absorbed ; 
and  the  disengagement  of  ammonia  may  lead  us  to  presume  that  this 
combustion  is  connected  with  the  decomposition  of  water. 

The  latter  inference  appears  to  be  unavoidable,  when  we  recollect  that 
ammonia  is  a  compound  of  nitrogen  and  hj’drogen,  and  that  the  only  sub¬ 
stance  which  can  well  be  supposed  to  supply  the  latter  clement  w’ithin 
the  interior  of  the  globe  is  water,  which  we  also  know  to  be  abundantly 
present. 

Water  is  readily  decomposed  by  several  of  those  bodies  wliich,  in  an 
oxidized  condition,  constitute  the  various  products  of  a  volcanic  eruption, 
and  hence  it  seems  not  illogical  to  consider  its  action  upon  the  bases  of 
the  earths  and  alkalies,  which  may  still  exist  in  the  interior  of  the  globe,  ^ 
as  the  primum  mobile  of  such  phenomena. 

What,  however,  I  am  principally  anxious  on  the  present  occasion  to 
point  out,  is  the  discovery  of  a  final  cause,  for  the  extrication  of  those 
gases,  which  I  and  others,  in  our  examination  of  volcanos,  have  so  fre¬ 
quently  been  led  to  remark  ;  as  this  alone  renders  it  probable  that  the 
phenomenon  in  question  is  one  not  of  local  or  incidental  occurrence,  but 
that  it  has  gone  on  from  the  beginning  of  time,  on  that  gigantic  scale 
which  is  consistent  with  the  grandeur  of  those  operations  that  have  oc¬ 
casioned  it,  and  is  adequate  to  those  equally  extensive  uses  that  we  have 
ventured  to  assign  to  its  agency. 

Thus  much,  at  least,  seems  clear,  namely,  that  when  we  attribute, — as 
many  without  due  reflection  appear  todo— the  nitrogen  which  plantsabsorb 
to  the  products  of  the  decomposition  of  animals,  whilst  these  very  ani¬ 
mals  arc  supposed  to  have  obtained  their  nitrogen  from  the  vegetable  food 
on  which  they  had  themselves  subsisted,  wc  are  reasoning  in  a  vicious 
circle,  and  can  hardly  help  being  brought  to  the  admission,  that  if  plants 
are  allowed  to  have  multiplied  and  increased  by  any  natural  causes,  they 
must  at  one  time  have  obtained  their  food  from  inorganic  matter  exclu¬ 
sively;  and  moreover,  that,  even  at  present,  no  increase  to  the  common 
stock  of  these  elements,  which  is  treasured  up  already  in  two  organic 
kingdoms  of  nature,  can  take  place,  except  it  be  furnished  from  the  same 
identical  source. 

In  conclusion,  then,  1  may  remark,  that  in  balancing  the  rival  preten¬ 
sions  of  the  two  theories,  by  the  aid  of  which  it  has  been  attempted  to 
explain  the  origin  of  volcanos,  we  cannot  be  justified  in  leaving  out  of 
the  account  phenomena,  wliich,  like  that  of  the  disengagement  of  ammo¬ 
nia,  are  of  such  general  occurrence,  and  appear  subservient  to  such  im- 

*  Description  of  Active  ami  Extinct  Volcanos,  London,  1820. 
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portant  ends ;  and  that  if  tlie  chemical  theory  be  capable  (as  few,  I  believe, 
have  attempted  to  deny")  of  accounting  for  this  as  well  as  the  other  pro¬ 
ducts  which  proceed  from  an  eruption,  it  ought  to  be  adopted  provbion- 
ally,  as  explaining  the  internal  heat  of  the  globe,  in  preference  at  least 
to  that  one,  which  considers  the  latter  merely  as  the  remnant  of  the 
incandescent  condition,  which  the  earth  is  supposed  once  to  have  pos¬ 
sessed,  but  which  leaves  out  of  the  consideration  altogether  the  chemical 
phenomena  of  a  volcano,  as  unworthy  of  attention. 

I  ought  to  apologize,  perhaps,  for  indulging  in  such  speculations  on 
an  occasion  like  the  present ;  but  the  subject  of  volcanos  will  not  appear 
altogether  irrelevant  to  that  of  agriculture,  when  I  remind  you  that,  from 
the  products  of  subterranean  fire,  many  parts  of  the  surface  of  our  globe 
seem  to  derive  the  fertility  for  which  they  are  remarkable.  All  of  you 
recollect  the  luxuriance  attributed  to  the  lands  of  Campania,  the  “  Vicina 
Vesevo  arva  jugo,”  which  in  Pliny’s  time  bore  three  crops  in  the  year, 
being  sown  once  with  panic  and  twice  with  wheat,  and  yet,  when  allow¬ 
ed  to  rest  betwixt  crops,  produced  spontaneously  roses  more  fragrant 
than  those  which  resulted  from  cultivation  in  other  places — “  unde  vulgo 
dictum,”  says  Pliny,  “  plus  ap\id  Campanos  unguenti,  quam  apud  cajtc- 
ros  olci  fieri.” 

Nor  has  this  land,  like  much  of  that  which  is  found  in  the  newly  settled 
parts  of  America,  lost  its  fertility  by  continued  cropping,  but  at  the 
present  day,  as  of  old,  stands  distinguished  even  in  that  highly  favoured 
region  for  the  abundant  returns  which  it  yields  to  the  husbandman. 

Quantum  autem  universas  terras  campus  Camp.anus  antecedit,  tantuni 
ipsum  pars  ejus,  qute  Laborcro  vocantur,  quern  Phlegrseum  Grsecl  appel¬ 
lant.” 

'•  Yet  the  farms  and  villages,”  says  Liebig,  "are  situated  from  eighteen 
to  twenty-four  miles  asunder,  and  as  there  are  no  roads  between  them, 
there  can  be  no  transportation  of  manure.”  He  therefore  attributes  the 
permanent  fertility  of  the  soil  around  Naples  to  the  alkali  present  in  tlie 
volcanic  materials  of  which  it  is  made  up ;  but  all  felspathic  rocks  are 
charged  with  the  same  ingredient,  and  some  of  them  surrender  it  as 
readily  to  the  agents  of  decomposition ;  nor,  as  we  have  seen,  is  alkaline 
matter  alone  sufficient  to  supply  plants  with  all  the  nourishment  they 
require.  May  not,  therefore,  the  slow  disengagement  of  ammoniacal 
salts,  as  well  as  of  carbonic  acid  from  crevices  in  the  mountain,  likewise 
have  their  share  in  fertilizing  the  ground  ?  These,  by  furnishing  nitrogen 


»  It  was  only  since  this  lecture  was  in  the  press,  that  I  became  acquainted  with 
n  iiieinOir  by  Professor  Bischof,  of  Bonn,  in  Jameson’s  Journal  for  January  1841, 
entitled,  *•  Reasons  against  the  Chemical  Theory  of  Volcanos.”  A  more  extended 
discussion,  however,  on  this  subject,  would  be  out  of  character  with  the  design  of 
the  present  lectures ;  and,  as  the  Professor  proposes  to  offer  some  further  remarks 
in  a  future  number  of  the  same  Journal,  I  shall  abstain  from  all  attempt  to  reply 
to  his  objections,  until  the  whole  of  them  have  been  put  before  the  public. 
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and  carbon,  may  in  great  measure  supersede  the  want  of  animal  manure ; 
and  if  the  rock  happens  also  to  contain  a  portion  of  the  earthy  phosphates, 
there  is  no  reason  why  the  celebrated  Terra  del  Lavoro  should  not  con¬ 
tinue  to  produce  an  unintermitted  sueeession  of  eorn  erops,  repeated  as 
often  as  the  disintegration  of  the  substratum  permits,  so  long  as  the  vol- 
canie  processes  seated  underneath  it  continue  to  send  forth  volumes  of 
the  gases  alluded  to.  The  superior  quality  of  the  wheat  grown  in  this 
part  of  Campania  may  perhaps  be  thought  to  confirm  such  a  conjecture. 
It  would  appear,  that  the  flour  of  warm  climates  in  general  contains  more 
gluten  than  that  of  colder  ones,*  perhaps  because  heat  promotes  the 
decomposition  of  organic  matters,  and  consequently  renders  the  supply 
of  ammonia  more  abundant ;  and  to  this  circumstance  its  superior  fitness 
for  the  manufacture  of  macaroni  is  generally  attributed.  But  the  Nea¬ 
politan  macaroni  is  distinguished  for  its  excellence,  and  hence  it  is  pro¬ 
bable,  that  the  wheat  grown  in  the  neighbourhood  of  that  city,  which 
supplies  the  raw  material  for  this  article  of  food,  will  be  found  to  con¬ 
tain  a  larger  pcr-centage  of  gluten  than  common,  the  power  of  forming 
which  might  be  communicated  to  it  by  the  nmmoniacal  salts  in  which  its. 
soil  so  abounds. 


•  See  Davy’s  Agricultural  Chemistrj%  p.  141,  and  Mr  Hyett’s  interesting  com¬ 
munication  in  the  Eng.  Agric.  Journ.  No.  5,  for  January  1841. 


Buussingault,  Ann.  Chimie,  p.  C5 — 301,  says  that — 
Violet-bearded  wheat,  from  Alsace,  contains 

17.3  per  cent. 

The  same,  grown  in  the  Jardin  des  Plantes, 

26.7 

— 

Winter  wheat,  grown  in  ditto, 

33.3 

— 

Hermbstcedt  has  given  the  following  results,  Annalen  der  Landwerthscliaft 

vol.  xxii.  p.  1. 

100  parts  of  wheat  in  soil  manured  with 

Gluten. 

Human  urine  (dried),  .  .  ,  33.1 

Starch. 

39.1 

Bullock’s  blood  (dried). 

345 

41.3 

Human  faeces  (dried). 

33.1 

41.4 

Sheep’s  dung,  .... 

22.9 

42.8 

Pigeon’s  dung,t  .... 

12.2 

63.2 

Cow’s  dung,  .... 

12.0 

62.3 

Vegetable  humus. 

9.6 

55.9 

Same  soil  not  manured,  .  . 

9.2 

66.7 

Sir  H.  Davy  found — 

100  pts.  good  full  grained  wheat,  sown  in  autumn 
to  afford  .... 

19 

77 

100  pts.  of  wheat  sown  in  spring, 

24 

70 

100  pts.  of  Sicilian  wheat,  . 

21 

75 

100  pts.  of  Barbary  wheat,  . 

23 

74 

100  pts.  of  full  and  fair  Norfolk  barley. 

6 

79 

100  pts.  of  Suffolk  rye, 

3 

6 

1  It  seems  extra' mliiiarj  that  pigeon’s  dung  sitould  stand  lower  in  the  scale  than  that  of 
Bbeep. 
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It  may  appear  an  homely  comparison^  but,  to  liken  small  things  with 
great,  the  analogy  is  complete,  between  the  arrangements  of  nature,  in 
supplying  from  below  the  gaseous  materials  which  the  crop  requires  for 
its  growth,  and  the  plan  often  adopted  by  the  gardener,  of  placing  in  a 
vessel,  underneath  the  roots  of  a  plant,  a  body  of  animal  manure,  which, 
by  its  exhalations,  communicates  to  it  the  very  same  principles. 

Should  these  views  receive  credence,  and  obttiin  confirmation  from 
future  investigations,  they  will  afford  a  proof  that  geology,  no  less  than 
the  sister  sciences  of  chemistry  and  vegetable  physiology,  is  capable  of 
throwing  light  upon  questions  in  which  the  agriculturist  is  concerned— 
but  of  this  truth  it  would  indeed  have  been  needless  to  search  for  proofs 
in  countries  so  distant,  or  by  an  appeal  to  phenomena  with  which  the 
English  farmer  is  happily  unacquainted ;  since  we  shall  have  abundant 
opportunities  in  the  course  of  these  lectures  of  shewing,  that  it  will  bo 
brought  home  to  him  by  facts  of  which  he  has  daily  experience,  and 
which  present  themselves  to  his  notice  in  the  common  business  of  life ; 
for,  if  it  be  the  office  of  the  chemist  to  explain  the  causes  of  those  differ¬ 
ences  which  exist  between  soils,  and  the  means  of  improving  them  by 
manures,  it  is  no  less  that  of  the  geologist  to  point  out  where  those  of 
the  best  description  are  to  be  met  with,  what  resources  we  have  at  hand 
in  the  bowels  of  the  earth  underneath,  or  in  the  contiguous  strata,  for 
remedt  ing  their  defect,  and  what  facilities  for  drainage,  and  other  methods 
of  amelioration,  the  physical  structure  of  the  country  may  chance  to 
supply. 

On  the  Natural  History  and  Anatomy  of  Thalassema  and 

Echiurus.  By  Edward  Forbes,  Esq.  and  John  Goodsir, 

Esq.  Members  of  the  Wernerian  Natural  History  Society. 

With  a  Plate.  (PI.  VII.)  (Communicated  by  the  Authors.)* 

Among  the  Radiata  of  the  British  seas  are  two  animals 
which,  in  their  general  appearance,  rather  resemble  Annelides 
than  Echinodermata,  to  which  latter  class  they  structurally 
belong.  These  are  the  'thalassema  Neptuni  and  Echiurus 
vulgaris^  members  of  the  family  Thalassetnaceoe  in  the  order 
Sipuncnlidce,  a  zoological  and  anatomical  description  of  which 
species  we  have  to-day  the  pleasure  of  submitting  to  the  Wer¬ 
nerian  Society. 

The  family  Thalassemacecc  includes  a  group  of  vermigrade 
Echinodermata,  characterized  by  having  cylindrical  worm- 

*  Read  before  tbc  Wernerian  Natural  History  Society  on  23d  January 
1841. 
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like  bodies  terminated  at  one  extremity  by  a  mouth,  which  is 
placed  at  the  end  of  a  short  proboscis,  to  which  is  appended  a 
remarkable  sheath-like  appendage,  and  at  the  other  by  an  anus 
with  no  external  appendages. 

These  characters  distinguish  it  from  the  other  families  of 
its  order ;  from  the  Sipunculacece,  which  have  a  tentacu¬ 
lated  trunk,  no  sheath-like  appendage,  and  an  anus  placed  at 
its  base ;  and  from  the  Friapulacecc  which  have  a  trunk  without 
tcntacula,  no  oral  appendage,  and  the  anus  at  the  posterior 
extremity  at  the  end  of  a  long  filamentose  caudal  appen¬ 
dage,  which  has  been  regarded  by  some  naturalists  as  a  respi¬ 
ratory  organ. 

The  genera  Thalassema,  Echiurus,  Bottellia,  and  Steniasph, 
constitute  the  family.  The  first  has  a  simple  oral  appendage 
and  no  corneous  bristles  surrounding  its  anus  ;  the  second  has 
also  a  simple  oral  appendage,  but  has  circles  of  corneous 
bristles  or  seta-  surrounding  the  posterior  extremity ;  the  third 
is  distinguished  by  its  forked  oral  appendage  ;  and  the  fourth 
is  marked  out  from  its  allies  by  the  possession  of  a  coi’neous 
disk,  surrounded  by  setae  placed  near  its  anterior  extremity. 
But  few  species  are  included  in  these  four  genera.  Of  Tha¬ 
lassema  but  one  is  know  n.  Of  Echiurtis  two  have  been  de¬ 
scribed,  the  one  a  native  of  our  own  seas,  the  other  of  the 
North  Pacific.  Of  lionnellia  two  species  are  recorded,  both 
inhabitants  of  the  Mediterranean,  as  is  also  the  only  known 
species  of  &'tertiaspis. 

The  Thalassema  Neptuni  is  a  native  of  the  coast  of  Corn¬ 
wall  and  Devon,  where  it  lives  among  submarine  rocks. 
Hence  Lamarck,  in  the  first  sketch  of  his  history  of  Inverte¬ 
brate  Animals,  styled  it  Thalassema  rupium.  It  was  discovered 
by  the  observant  Gaertner,  and  by  him  sent  to  Pallas  under 
the  name  by  which  it  is  now  known.  Pallas,  however,  con¬ 
sidered  it  an  annelide,  and  an  ally  of  the  earth-worm,  and 
named  it  Lumbricus  Thalassema,  under  which  name  he  de¬ 
scribes  and  figures  it  in  his  Spicilegia  Zoologica.*  Montagu 
afterw’ards  found  it  and  described  it  under  the  name  of  Tha- 
lassina  mutatoria.f  At  the  same  time  he  expressed  his  be- 

♦  Fasc.  X.  1. 1.  f.  6.  t  Linnoean  Trans,  vol.  xi.  p.  24.  t.  v.  f.  2. 
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lief  that  his  animal  was  identical  with  that  described  by  Pal¬ 
las,  but  supposed  that  the  figure  given  by  that  illustrious  na¬ 
turalist  was  incorrect.  This,  however,  is  not  the  case,  the 
figure  of  Pallas  well  representing  the  animal  after  preserva¬ 
tion  in  spirits,  in  which  state  doubtless  he  had  only  an  oppor¬ 
tunity  of  seeing  it. 

Of  late  it  has  been  taken  by  Mr  Harvey  at  T  eignmouth  : 
from  his  specimen  our  structural  account  is  drawn  up.  Of  its 
external  characters,  it  need  only  be  mentioned,  additional  to 
the  descriptions  of  Pallas  and  Montagu,  that  it  possesses  a 
short  retractile  trunk,  as  well  as  an  oral  appendage.  Mon¬ 
tagu’s  account  of  its  habits,  when  alive,  is  all  w'e  know  of 
them,  but  is  most  full  and  interesting,  and  may  be  foimd  in 
the  eleventh  volume  of  the  Linnaean  Transactions. 

The  Echiurus  vulgaris  is  a  much  larger  and  more  remark¬ 
able  animal.  A  great  number  of  individuals  of  this  species 
were  thrown  up  on  the  sandy  shore  of  St  Andrews  during  last 
winter  after  a  severe  gale  of  wind.  The  largest  specimens 
measured  about  six  inches  long  and  half  an  inch  in  diameter. 
The  body  of  the  creature  is  cylindrical,  annulated  with 
little  flat  tubercles,  which  were  floccose  toward  the  two  ex¬ 
tremities.  From  the  anterior  end  projected  a  proboscis  about 
half  an  inch  in  length,  not  furnished  with  tentacula,  and  hav¬ 
ing  a  deep  red  margin  at  the  extremity.  This  proboscis  is 
retractile,  but  not  so  a  singular  furrowed  fleshy  appendage 
placed  along  side  of  it.  This  appendage  is  highly  extensile,, 
and  forms  a  sort  of  sheath  to  the  proboscis.  A  little  way  from 
its  junction  with  the  body  are  tw  o  shining  yellow  cartilaginous 
bristles ;  short,  lanceolate,  curved,  acuminate,  and  retractile. 
These  are  the  genital  hooks.  From  betw’een  them  runs  a  red 
line  down  the  body  towards  the  anus,  marking  the  course  of 
an  internal  vessel.  The  whole  of  the  body  is  of  a  bright  pink 
colour,  with  obscure  paler  narrow  rings  and  speckles  caused 
by  the  minute  tubercles  of  the  skin  being  of  a  paler  hue. 
The  anus  is  placed  at  the  posterior  extremity  on  a  somewhat 
flattened  disk,  which  is  surrounded  by  two  circles  of  corneous 
setae,  similar  in  structure  to  the  genital  hooks,  but  shorter. 
They  are  ten  in  number  in  each  circle.  The  anus  is  round 
and  red.  The  sheath  of  the  proboscis  difiers  in  colour  from 
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the  rest  of  the  animal,  being  of  a  bright  scarlet.  It  is  so 
slightly  affixed  to  the  body  as  to  break  off  on  the  least  touch, 
and  in  only  one  or  two  cases  did  we  find  it  attached,  and  then 
it  broke  aAvay  immediately  on  the  removal  of  the  animal. 

On  keeping  the  Echiurus  alive  in  a  vessel  of  sea-water,  it 
was  continually  changing  its  form,  swelling  itself  out  in  va¬ 
rious  parts  so  as  to  assume  very  strange  and  eccentric  shapes- 
If  a  fresh  supply  of  salt  water  Avas  poured  into  the  vessel,  it 
would  on  a  sudden  become  A'ery  viA'acIous,  starting  up  to- 
Avards  the  surface,  and  SAvimming  Avith  spiral  contortions  in 
the  manner  of  an  annelide.  Then  it  Avould  sink  to  the  bot¬ 
tom  of  the  vessel,  and  swell  itself  out  Avith  Avater. 

The  Echiurus,  like  the  Thalassema,  was  first  figured  and 
described  by  Pallas,  who  obtained  it  from  the  coast  of  Bel¬ 
gium.  He  gave  a  most  accurate  general  representation  of  it, 
but  strangely  omitted  the  true  proboscis ;  and  by  all  Avriters  - 
since  his  time  the  sheath  has  been  described  as  a  proboscis 
not  only  in  this  case,  but  in  the  descriptions  of  most  of  the 
other  Thalassemaceoc. 

Montagu  first  perceived  the  true  relation  of  the  Thalas- 
sema^  and  remarks  in  his  paper  that  it  should  immediately 
precede  Holothuria.  This  view  of  its  position  Avas  also  held 
by  Cuvier,  and  more  lately  by  Brandt.  Lamarck,  hoAvever, 
placed  the  Thalassema  and  Echiurus  in  his  first  division  of 
annelides,  characterized  by  having  no  feet,  and  including  the 
families  Hirudines  and  Echiureve.  In  the  latter,  associated 
with  the  earth-worm  and  cirratulus,  we  find  these  animals  be¬ 
fore  us.  Many  zoologists  since  his  time  hav'e  looked  upon 
them  as  worms,  but  the  structural  details  which  follow  will 
sheAV  that  their  relation  to  the  annelides  is  one  of  analogy 
and  not  of  affinity,  and  that  their  true  position  is  among  the 
Echinodermata  in  the  order  of  V ^rmigrada  or  Sipunculida;* 

Echiurus — Digcsti ve  S i/stcm . 

The  digestive  tube  commences  by  a  mouth  of  a  rounded 
form,  very  small  in  the  state  of  contraction,  funnel-shaped 
when  dilated.  The  oral  orifice  is  continuous  with  a  canal 


*  See  Forbes’s  British  Fchinodcrmata. 
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which  is  sacculated  and  contracted  at  intervals,  particularly 
in  its  posterior  half.  This  first  portion  of  the  intestinal  ap¬ 
paratus,  which  may  be  denominated  the  pharynx,  is  arranged 
in  two  coils  so  as  to  resemble  somewhat  the  figure  8.  These 
coils  are  compressed  and  kept  in  position  by  the  muscles  of 
the  oral  hooks,  and  by  the  bloodvessels,  which  assume  a  com¬ 
plicated  arrangement  in  this  part  of  the  animal.  The  tube 
then  contracts  into  a  highly  muscular  but  very  narrow  oeso¬ 
phagus.  This  rather  suddenly  dilates  into  the  remaining  part 
of  the  canal,  which  is  nearly  uniform  in  diameter,  thin  and 
delicate  in  texture  ;  arranged  in  a  somewhat  spiral  direction 
till  near  the  posterior  part  of  the  animal,  returning  upon  itself 
in  the  same  manner  for  two-thirds  of  the  length  of  the  bod}', 
and  then  proceeding  to  the  cloaca  as  a  straight  and  rather 
narrow  tube.  The  cloaca  is  smaller  than  the  same  organ  in 
the  Holothuriadie.  From  mouth  to  anus  the  canal  measures 
from  three  to  four  feet.  The  pharynx  is  two  inches  long,  the 
(esophagus  four,  and  the  remainder  is  so  uniform  in  diameter 
as  to  render  it  impossible  to  distinguish  any  division  into  sto¬ 
mach,  intestines,  &:c.,  and  so  fragile  as  to  render  measurement 
very  difficult.  The  pharynx  exhibits  distinct  circular  muscu¬ 
lar  fibres,  and  in  the  (esophagus  they  are  so  strong  and  so  ar¬ 
ranged  in  bundles  as  to  give  it  the  appearance  of  a  w’indpipc. 
The  tube  is  not  connected  to  the  parietes  of  the  body  by  a 
mesentery,  but  by  numerous  delicate  muscular  threads  irre¬ 
gularly  arranged  and  intermingled  with  minute  bloodvessels. 
Near  the  middle  of  the  body  the  folds  of  intestines  are  filled 
M'ith  a  yellow  bilious  mass,  but  we  could  detect  no  trace  of  a 
liver,  or  of  glandular  structure  in  the  coats  of  the  gut. 

The  respiratory  sacs  open  into  the  cloaca  on  each  side  of  the 
rectum.  These  sacs  do  not  ramify,  and  are  about  one-third  of 
the  length  of  the  animal,  and  exhibit  in  the  living  individual 
lively  motions — contracting,  dilating,  elongating  and  twisting. 
They  are  of  a  vivid  red  colour  from  the  number  of  vessels  dis¬ 
tributed  to  them,  and  have  a  mottled  appearance  from  nume¬ 
rous  microscopic  organs  attached  to  their  external  surface. 
^Vhen  a  small  portion  of  the  respiratory  organ  is  cut  from  the 
living  animal  and  placed  under  the  microscope  in  a  little  sea¬ 
water,  the  dots  observed  with  the  naked  eye  on  its  outer  or 
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peritoneal  surface,  exhibit  the  appearance  of  a  number  of  fun¬ 
nels,  with  their  necks  attached,  and  their  cup-like  extremities 
standing  erect.  Each  of  these  funnels  has  its  outer  surface, 
rim,  and  inner  surface  or  cavity,  covered  with  cilia  which  ex¬ 
hibit  lively  motions.  The  inner  or  mucous  surface  of  the 
respiratory  sac  has  a  number  of  rounded  somewhat  lobulated 
elevations  on  it,  each  corresponding  to  one  of  the  funnels  on 
the  outer  surface.  These  elevations  arc  covered  with  cilia, 
but  on  the  membrane  between  them  none  could  be  seen. 
The  ciliated  funnels  could  be  withdrawn  into  the  pouclies 
formed  by  the  ciliated  elevations  of  the  internal  surface  ;  but 
we  could  not  obtain  ocular  demonstration  of  what  we  suspect 
to  be  the  case — that  the  cavities  of  the  funnels  open  into  the 
common  respiratory  cavities,  and  that  the  ciliated  elevations 
of  the  inner  surface  disappear  when  the  funnels  in  the  outer 
surface  arc  extended  ;  and,  vice  versa,  a  current  being  in  this 
way  established  between  the  respiratory  cavities  and  the  com¬ 
mon  cavity  of  the  body  of  the  animal,  which  is  full  of  sea¬ 
water.  The  muscular  fibres  of  the  two  respiratory  sacs  exhi¬ 
bit  a  peculiar  arrangement.  Both  the  transverse  and  longi¬ 
tudinal  fibres  have  an  undulating  course  so  as  to  surround  the 
necks  of  each  of  the  funnel-shaped  organs  as  the  fibres  of  the 
human  gravid  uterus  surround  the  uterine  sinuses.  If  the 
currents  of  sea-water  flow  through  the  funnels,  the  contraction 
of  the  muscular  fibres  can  stop  that  flow,  and  enable  the  ani- 
mal  to  fill  the  respiratory  sacs  by  the  following  process.  By 
contracting  the  anterior  part  of  its  body,  and  pushing  the  con¬ 
tained  sea-water  back,  the  animal  distends  its  posterior  por¬ 
tion  into  a  bulbous  shape,  in  consequence  of  which  the  en¬ 
closed  portions  of  the  anal  spines  become  widely  separated ; 
and  from  their  connection  with  the  cloaca,  that  cavity  is  di¬ 
lated,  and,  acting  like  a  syringe,  sucks  in  more  water.  The 
animal  then  closes  the  anus,  and  contracts  the  cloaca  by  push¬ 
ing  the  water  in  its  body  forwards.  This  simultaneous  action 
forces  the  water  contained  in  the  cloaca  into  the  respiratory 
sacs,  along  which  it  is  conveyed  by  their  powerful  vermicular 
or  peristaltic  action.  A  slight  relaxation  of  the  muscular 
fibres  of  the  sacs,  and  the  erection  of  the  ciliated  funnels,  will 
allow  the  water  to  pass  into  the  cavity  of  the  body,  while  the 
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action  of  the  cilia  will  remove  it  through  the  same  channels 
in  a  contrary  direction. 

The  vascular  system  consists  of  two  longitudinal  vessels, 
one  running  along  the  ventral  surface  of  the  body,  the  other 
along  the  unattached  surfaee  of  the  intestine.  The  intestinal 
trunk  is  always  full  of  blood  in  the  weak  or  dead  animal,  the 
ventral  trunk  always  empty  or  collapsed.  From  this  circum¬ 
stance,  from  the  general  arrangement  of  tlie  Avascular  system, 
and  from  the  position  of  the  respiratory  organs,  we  are  in¬ 
clined  to  think,  although  we  have  not  been  able  to  verify  the 
opinion  by  actual  observation,  that  the  former  vessel  is  the 
venous,  the  latter  the  arterial  trunk.  The  vein  commenees 
by  numerous  radicles  on  the  oesophageal  portion  of  the  di¬ 
gestive  tube,  runs  along  the  edges  of  the  gut,  collecting 
branches  as  it  proceeds.  On  the  rectum,  the  trunk  disap¬ 
pears  by  being  divided  into  innumerable  branches,  which  are 
apparently  arterial,  and  proceed  to  the  respiratory  sacs,  which, 
as  before  stated,  are  highly  vascular.  The  arterial  or  ventral 
vessel  is  apparently  formed  by  radicles  from  the  respiratory 
sacs  (branchial  veins).  Its  walls  are  thin,  and  are  perceived 
with  difficulty  on  the  surface  of  the  nervous  cord.  In  its 
course  it  supplies  vessels  to  the  intestines  ;  and  when  it  arrives 
at  the  convolutions  of  the  pharynx,  it  sends  off  from  its  right 
side  a  large  trunk,  which,  proceeding  to  the  right  oral  hook, 
surrounds  it  and  its  muscles  by  dividing  and  again  closing. 
It  then  proceeds  to  tlie  commencement  of  the  cesophagus,  and 
joins  a  vessel  to  be  described  immediately.  The  ventral  v’cs- 
sel,  after  giving  off  this  great  trunk,  proceeds  to  the  oral  ex¬ 
tremity  of  the  pharynx,  round  which  it  forms  a  vascular 
circle.  The  latter  sends  branches  back  upon  the  pharynx; 
and  a  branch  forwards,  which  forms  a  second  circle  or  vascu¬ 
lar  zone  round  the  lip,  on  the  surface  of  the  nervous  ring,  and 
a  large  trunk  which,  running  to  the  middle  of  the  pharynx,  di¬ 
lates  into  a  sacculated  sinus,  which  probably  owes  its  peculiar 
appearance  to  the  transverse  contractions  into  Avhich  this  por¬ 
tion  of  the  tube  is  generally  thrown.  This  sinus  runs  along 
the  second  portion  of  the  pharynx,  and  at  the  commencement 
of  the  oesophagus  receives  the  trunk  formerly  described  as 
proceeding  from  the  ventral  vessel.  It  then  terminates  by 
ramifying  on  the  oesophagus,  and  supplying  this  portion  of  the 
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tube  with  aerated  blood.  The  use  of  the  large  trunk  which 
comes  off  from  the  ventral  vessel,  is  evidently  to  supply  the 
mouth,  trunk,  and  anterior  part  of  the  digestive  tube,  with  ar¬ 
terial  blood,  when  the  animal  has  projected  the  anterior  part  of 
the  body,  and  when  the  constriction  of  the  snout,  and  the  pres¬ 
sure  of  the  sand  in  which  it  is  boring,  would  prevent  the  free 
circulation  of  the  blood  in  the  two  vascidar  circles,  at  times 
when  the  supply  is  absolutely  necessary  from  increased  mus¬ 
cular  action. 

The  nervous  system  is  very  simple,  being  merely  a  ring 
surrounding  the  anterior  part  of  the  pliarynx  when  it  becomes 
continuous  with  the  skin.  From  this  ring  a  nervous  cord 
runs  along  the  under  side  of  the  animal  to  the  extremity  of 
the  body,  terminating  abruptly  by  sending  off  a  few  branches. 
Along  its  course  the  cord  gives  off  numerous  lateral  twigs, 
which  are  unsymmetrical,  and  continue  free  for  a  short  dis¬ 
tance  from  their  origin,  and  then  disappear  in  the  muscular 
parietes  of  the  body.  When  the  animal  is  contracted,  the 
cord  is  arranged  in  close  undulations,  and  exhibits  no  gangli¬ 
onic  enlargements.  It  consists  of  a  moderately  long  sheath,  in 
which  the  nervous  matter  is  contained  in  a  very  soft  condition. 

The  reproductive  system  consists  of  four  sacs  which  open 
on  the  ventral  surface  by  minute  orifices,  two  immediately 
behind  the  genital  hooks,  the  other  two  about  an  inch  far¬ 
ther  back,  and  both  pairs  about  one-third  of  an  inch  from  the 
median  line.  When  the  Echiurus  is  not  in  season,  they  are 
about  one  inch  and  a  half  long,  one-fourth  of  an  inch  in  diameter, 
highly  transparent,  so  as  to  be  almost  invisible,  and  possessed 
of  the  power  of  twisting  in  all  directions.  When  the  male  is 
in  season,  they  become  greatly  enlarged,  four  inches  long, 
half  an  inch  in  diameter,  with  one  or  two  contracted  portions. 
The  contained  fluid  is  milk-white,  and  rather  consistent ;  and 
when  examined  under  a  high  power,  it  is  seen  to  sw'arm  with 
exceedingly  active  globular  Spermatozoa,  which  exhibit  rapid 
whirling  and  dancing  motions.  The  male  organs,  when  in 
this  condition,  are  remarkably  beautiful  objects,  being  cover¬ 
ed  with  large  thread-like  and  transparent  scarlet  bloodvessels, 
Avhich  arc  relieved  by  the  dead  cream-white  of  the  organs  them¬ 
selves.  We  have  not  seen  the  female  sacs  fully  distended  ; 
when  moderately  so,  the  eggs  appear  to  be  arranged  as  in  the 
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roe  of  osseous  fishes,  and  are  about  the  size  of  millet-seed. 
Examined  under  the  microscope,  the  egg  appears  as  a  highly 
transparent  globule,  enclosing  towards  its  centre  a  number  of 
smaller  globules  or  cells. 

The  structure  of  Thalassema  Neptuni  is  in  all  respects  iden¬ 
tical  with  Echiurus,  the  only  difference,  and  that  an  unim¬ 
portant  one,  being  the  less  complicated  arrangement  of  the 
intestinal  tube. 

The  oral  and  anal  hooks  and  spines  of  Echiurus,  and  the 
oral  hooks  of  the  Thalassema,  are  i>i’otrudcd  and  withdrawn 
exactly  as  the  sette  and  booklets  among  the  Annelides. 

From  the  anatomical  description  we  have  now  given,  it  is 
evident  that  the  genera  Echiurus  and  Thalassema  must  be 
arranged  in  the  class  Echinodermata.  The  body  filled  with 
sea- water — the  respiratory  apparatus — the  digestive  system — 
and  the  intestinal  venous  trunk  are  the  leading  anatomical 
peculiarities,  and  are  characteristic  of  the  Echinodermatous 
animals.  The  colour  and  circulation  of  the  blood,  the  want 
of  an  aquiferous  system,  the  ventral  nervous  cord,  and  the 
muscular  system,  shew  the  relation  of  these  animals  to  the  An¬ 
nelides,  and  prove  that  the  transition  from  a  vermiform  radiate 
animal  to  a  true  articulate  animal,  is  effected  by  the  symme¬ 
trical  atrophy  and  hypertrophy  of  certain'of  the  radiate  ele¬ 
ments  in  each  ring. 

EXPLANATION  OF  PLATE  VII. 

Fig.  1 .  Echiurus  vulgaris,  of  the  natural  size,  as  seen  from  the  ventral 
aspect. 

Fig.  2.  Echiurus  vulgaris  laid  open  from  the  back,  the  integuments 
stretched,  and  the  greater  part  of  the  intestinal  tube  removed ;  a 
the  pharyngeal  portion  of  the  intestinal  tube ;  b  the  oesophageal 
portion ;  c  c  the  portion  corresponding  to  the  stomach  and  in¬ 
testine,  which  is  of  great  length  in  this  animal.  The  venous 
trunk  is  seen  coursing  along  its  free  edge,  and  branches  of  the 
•-ventral  vessel  (artery)  ramify  on  its  attached  or  mesenteric  edge ; 
d  rectum ;  e  e  respiratory  sacs,  covered  with  ciliated  processes ; 
f/ff  generative  sacs ;  gg  ventral  vessel  or  arterial  trunk ;  h  the 
arterial  branch  which,  surrounding  the  right  genital  hook,  pro¬ 
ceeds  to  the  pharyngeal  portion  of  the  intestine,  for  the  purpose  of 
supplying  it  with  blood  when  the  animal  is  boring ;  Hi  the  pha¬ 
ryngeal  artery,  and  the  two  oral  arterial  circles;  A  A:  the  nervous 
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cord  giving  off  unsjmnietrical  nerves,  and  terminating  in  a  ring 
wlileli  surrounds  the  pharynx ;  ll  the  two  genital  hooks  with  their 
niuselcs,  one  of  which  is  common  to  both,  and  approximates  their 
upper  extremities.  Fig.  3.  The  nervous  circle,  part  of  the  cord, 
and  the  extremity  of  the  latter  magnified.  Fig.  4.  A  section  of  a 
part  of  the  muscular  parietes  of  the  body,  and  of  the  sheath  of  one 
of  the  genital  hooks,  to  shew  that  the  latter  is  a  tegiimentary  or¬ 
gan  developed  in  a  follicle,  and  provided  with  a  muscular  appa¬ 
ratus  as  in  similar  organs  among  the  Annelida.  Fig.  6.  A  por¬ 
tion  of  one  of  tlie  respiratory  sacs,  magnified  to  shew  the  ciliated 
funnel-shaped  processes  in  the  state  of  erection.  Fig.  6.  A  por¬ 
tion  of  one  of  the  respiratory  sacs  laid  open,  to  shew  the  ciliated 
projections  on  its  internal  surface.  E.ach  of  these  corresponds  to 
one  of  the  funnel-shaped  processes  on  the  external  surface.  Figs.  7, 
8,  9.  Diagrams  to  illustrate  the  mode  in  which  the  sea-water  may 
be  supposed  to  pass  through  the  ciliated  organs  of  the  respiratory 
sacs,  into  and  out  of  the  abdominal  cavity.  Fig.  7.  The  organ 
erected,  .and  the  passage  free.  Fig.  8.  The  organ  half  retr.acted. 
Fig.  9.  The  organ  wholly  retracted,  the  muscular  fibres  contracted 
over  it,  the  p.assagc  closed,  and  the  ciliated  projection  formed  on 
the  internal  surface  of  the  sac.  Fig.  10.  Male  organs  in  season. 
Fig.  11.  Spermatosm.  Fig.  12.  Female  organs  in  season.  Fig. 
13.  Eggs  magnified,  shewing  the  cells  in  their  interior. 


On  the  Employment  of  the  Safety-Lamp  in  the  Coal-Mines  of 
Germany.  By  Professor  Gustav  Bisciiof,  of  lionn.  (Com- 
municatecl  hy  the  Author.)* 

Three  yc.ars  ago  the  Prussian  government  chargcil  me  with 
the  examination  of  the  means  of  preventing  the  dreadful  ac¬ 
cidents  in  coal-mines,  occasioned  by  explosions  of  fire-damp. 
Por  this  reason  I  have  visited  many  coal-mines  in  the  neigh¬ 
bourhood  of  Saarbrncken,  TFeUesweiler,  Aix-la-Chapelle,  and 
in  the  Principality  of  Schanmbery.  I  liave  examined  into  all 
the  circumstances  concerning  the  exhalations  of  fire-damp, 
and  collected  this  inflammable  gas  issuing  from  blowers  in 
tlirce  coal-mines,  for  the  purpose  of  analyzing  it.t  Supported 


*  Head  before  the  Wernerian  Natural  History  Society,  January  9.  1841. 
t  Our  re.aders  are  referred  to  Professor  Bischofs  Physical  and  Chemical 
F.xamination  of  Fire-Damp,  published  in  this  Journal,  Yol.  xxix.  p.  3<>9, 
and  last  Number,  p.  127. — Euit. 
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by  the  authorities  in  the  fullest  manner,  having  received  in¬ 
formation  from  many  officers  of  the  coal-mines  relative  to  the 
subject,  and  having  had  access  to  all  public  papers  regarding 
the  use  of  the  safety-lamp,  in  Prussian  coal-mines,  during  the 
last  twenty-one  years,  I  was  enabled  to  become  acquainted 
with  this  subject,  and  the  experiments  made  in  these  mines 
about  it. 

Notwithstanding  that  the  safety-lamp  has  been  used  in  the 
Prussian  coal-mines  during  this  space  of  time,  even  in  the 
most  dangerous  localities  and  under  the  most  trying  circum¬ 
stances,  yet  not  a  single  accident  has  occurred  fatal  to  its 
security.  But  I  have  frequently  heard  complaints  as  to  its 
small  illuminating  power.  1  had  therefore  a  great  many 
safety-lamps  made,  whose  cages  of  wire-gauze  had  apertures 
of  different  sizes. 

Kxperiments  regarding  the  security  of  safety-lamps  are 
rather  difficult.  By  placing  the  lamps  in  a  locality  filled  with 
an  explo.sive  mixture,  sufficient  results  are  obtained,  provided 
the  place  be  very  large,  or  if  new  (juantities  of  the  explosive 
mixture  are  constantly  passing  through  it.  On  the  contrary, 
when  the  quantity  of  the  explosive  mixture  is  too  much  li¬ 
mited,  the  intenseness  of  the  burning  of  the  explosive  mixture 
within  the  cage  gradually  decreases,  and  the  wire-gauze  pre¬ 
vents  the  passage  of  the  llame  through  it,  from  not  having 
reached  the  red  heat.  Indeed,  a  lamp  may  only  be  consider¬ 
ed  as  conferring  safety,  when  no  communication  of  explosion 
takes  place  when  the  wdre-gauze  is  perfectly  red  hot. 

Considering  these  circumstances,  it  is  obvious,  that  it  is 
only  by  placing  a  lamp  near  the  spot  where  a  quantity  of  in¬ 
flammable  gas  is  issuing  and  mixing  with  the  circulating  cur¬ 
rent  of  atmospheric  air  to  the  explosive  point,  or  by  con¬ 
veying  a  lamp  into  a  very  large  space  filled  with  an  explosive 
mixture,  that  its  safety  can  be  proved. 

In  order  to  institute  experiments  according  to  the  former 
meth(^,  I  caused  to  be  made  a  cylinder  of  pasteboard  24 
inches  in  height  and  15  inches  in  diameter.  The  cylinder 
was  furnished  with  four  small  glass  window  s  for  observing 
the  phenomena  taking  place  in  its  interior.  The  cylinder  was 
closed  by  a  cover  and  a  bottom.  The  former  had  five  holes. 
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which  might  be  closed  up  by  cork-stoppers.  The  bottom  had 
three  holes,  one  of  which  was  for  drawing  up  the  safety-lamp, 
the  second  for  admitting  the  inflammable  gas,  the  third  for 
the  penetration  of  the  atmospheric  air  into  the  cylinder. 

This  apparatus  was  fastened  near  the  blowers,  and  the  in¬ 
flammable  gas  introduced  through  a  tube  stuck  into  the  fissure 
from  which  the  gas  was  issuing.  The  safety-lamp  suspended 
to  a  wire  going  through  the  cork-stopper  in  the  middle  hole, 
was  drawn  up  into  the  cylinder.  By  opening  or  closing  the 
other  holes,  the  cii’culation  of  the  explosive  mixture  formed 
in  the  interior  of  the  cylinder,  was  regulated  in  such  a  manner 
as  always  to  surround  the  safety -lamp  with  new  quantities  of 
it. 

There  were  different  layers  of  gas  in  the  cylinder ;  at  the 
top  for  the  most  part  the  light  inflammable  gas,  at  the  bottom 
chiefly  the  atmospheric  air,  but  in  the  middle  there  was  an 
explosive  mixture  of  the  strongest  exploding  power.  It  was 
therefore  evident  that  the  safety-lamp  near  the  bottom  scarcely 
ascertained  the  actual  presence  of  the  fire-damp,  whilst  at  the 
top  it  was  soon  extinguished.  But  in  the  middle  of  the  cylin¬ 
der  the  phenomena  depending  on  the  presence  of  the  explosive 
mixture  took  place  in  the  most  powerful  degree.  The  flame 
of  the  lamp  increased  not  only  to  the  top,  but  it  was  there 
bent  down,  and  the  whole  cage  filled  with  fire. 

In  this  part  of  the  cylinder  the  safety-lamp  remained  from 
fifteen  to  twenty  minutes,  provided  that  no  inflammation 
through  the  wire-gauze  took  place.  The  latter  was  for  the  most 
part  red-hot.  The  lamp  was  for  some  time  put  in  pendulum 
motion,  which  was  as  violent  as  possible,  in  order  to  imitate 
the  passing  of  the  workmen  in  the  mines  where  inflammable  gas 
prevails.  On  another  occasion  the  lamp  was  held  obliquely, 
in  order  that  the  increased  flame  might  reach  the  wire- gauze. 

I  wished  to  examine  the  safety-lamps,  not  only  relatively  to 
the  greatness  of  the  apertures  of  their  wire-gauzes,  but  also 
to  that  of  their  diameters.  I  had  six  kinds  of  wire-gauze  of 
brass  made,  and  five  cylinders  were  made  of  different  diame¬ 
ters  of  these  six  sorts.  Therefore  thirty  cylinders  were  ob¬ 
tained,  the  number  of  the  apertures  and  the  greatness  of  the 
diameters  of  which  are  the  following : 
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1  *  The  apertures  were  not  quile  strictly  stpiares.  [ 
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I  employed,  as  is  evident,  wire-gauzes  of  much  larger  aper¬ 
tures  than  are  usual  in  coal-mines,  for  I  had  in  view  to  find 
the  maximum  at  which  they  are  not  permeable  to  flame. 

For  these  thirty  cylinders  of  wire-gauze  five  lamps  were 
made,  the  size  of  which  accorded  with  that  of  the  cylinders. 
The  forms  of  these  lamps  were  in  general  lihe  those  con¬ 
structed  originally  by  Sir  Humphrey  Davy  himself,  but  the 
cages  made  of  platinum  wire  were  wanting. 

I  shall  not  dwell  on  the  description  of  the  individual  expe¬ 
riments.  It  is  sufficient  to  ascertain  the  cylinders  which, 
under  all  circumstances,  have  prevented  the  communication 
of  explosion.  Prior  to  these  experiments,  I  had  experi¬ 
mented  as  to  whether  an  explosion  in  the  apparatus  would 
be  dangerous  to  myself  and  my  assistants,  but  this  was  not 
the  case.  After  each  experiment,  all  holes  of  the  apparatus 
were  opened  in  order  to  remove  the  impure  air,  and  it  was 
only  after  a  new  accumulation  of  inflammable  gas,  that  a  fresh 
experiment  was  commenced. 

There  is  still  a  circumstance  for  consideration.  As  the  in¬ 
flammable  gas,  penetrating  through  the  wire-gauze,  is  partly 
burning,  the  more  of  it  will  burn  the  greater  the  diameter 
of  the  cylinder.  Now,  the  circulation  of  the  inflammable 
gas  taking  place  during  the  different  experiments  in  the 
same  proportion,  on  applying  the  larger  cylinder,  a  greater 
quantity  of  gasmust  be  consumed  than  on  applying  the  less  ones. 
This  was  the  reason  that,  on  using  the  cylinders  of  twenty- 
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six  lines  in  diameter,  the  phenomena  alluded  to,  viz.,  the  en¬ 
largement  of  the  flame,  and  the  red  heat  of  the  wire-gauze, 
were  soon  decreased.  The  lamp  must  therefore  sometimes 
be  removed  from  the  apparatus  for  collecting  the  explosive 
mixture  before  continuing  the  experiments.  On  that  ac¬ 
count,  the  safety  of  the  above-mentioned  cylinder,  and  still 
more  that  of  the  two  following,  could  not  exactly  be  so  proved 
as  that  of  the  two  smaller  cylinders.  Indeed,  the  experiment 
made  on  applying  the  cylinder  No.  26,  had  shewn  that  the 
transmission  of  flame  through  the  wire -gauze,  is  not  pro¬ 
duced  till  the  lamp  has  remained  for  a  long  time  in  the  ex¬ 
plosive  mixture,  as  the  saving  power  of  the  wire-gauze  decreases 
as  its  temperature  increases. 

The  results  of  my  numerous  experiments  are. 

First,  Cylinders  of  10-i  apertures  to  the  square  inch,  are 
j)erfectly  safe  when  placed  in  the  apparatus  filled  with  the  strong¬ 
est  explosive  mixture,  formed  by  the  blower  in  Gerhard's  mine, 
but  cylinders  of  58  apertures  are  no  longer  safe. 

Secondly,  The  diameter  of  the  cylinders  of  104;}  apertures 
may  increase  to  two  inches  without  a  decrease  of  their  seeurity 
being  observable. 

The  experiments  I  have  made  near  the  blower  in  the  gal¬ 
lery  of  Welles  we  iler,  gave  in  general  the  same  results  ;  but  it 
was  distinctly  evident,  that  the  fire-damp  produced  by  this 
blower  afforded  a  stronger  explosive  mixture  than  that  of  the 
former  one,  which  accords  with  the  chemical  analysis.  Thus 
the  lamp  No.  20  was  scarcely  two  minutes  in  the  apparatus 
ere  an  explosion  happened,  whilst,  when  filled  with  the  fire¬ 
damp  of  the  gallery  of  Gerhard’s  mine,  an  explosion  took 
place  only  after  twenty  minutes.  Also  the  enlargement  of 
the  flame  and  the  heat  of  the  wire-gauze  were  greater  than 
in  the  fire-damp  of  Gerhard’s  mine.  There  is  no  doubt  the 
effects  produced  by  the  blower  of  Wellesweilcr  would  have 
been  yet  more  intense,  if  the  quantity  of  fire-damp  of  this 
blower  had  been  as  considerable  as  that  of  the  blower  of 
Gerhard’s  gallery. 

In  order  to  establish  whether  a  safety-lamp,  burning  for  a 
long  time  in  explosive  mixtures,  is  heated  so  much  as  to  effect 
an  explosion  on  the  outside  of  the  lamp,  I  caused  an  officer  of 
mines  to  make  such  an  experiment.  He  allowed  a  new  safety- 
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lamp  of  784  apertures  to  the  square  inch  to  bum  in  the  appa¬ 
ratus  placed  near  the  blower  of  Gerhard’s  gallery  during 
eight  hours.  After  two  hours  the  wire-gauze  was  covered 
with  soot,  and  after  three  hours  the  meshes  were  greatly 
closed  up.  The  flame  was  extinguished  without  an  explosion 
ensuing.  After  this,  the  wire-gauze  was  cleaned  and  the 
lamp  placed  again  in  the  apparatus ;  the  same  phenomena 
were  now  observed  in  a  still  shorter  time. 

I  shall  not  quote  farther  experiments  instituted  in  places 
40  inches  in  height  and  in  diameter,  in  a  coal-stratum  where 
exhalations  of  inflammable  gas  were  to  be  supposed  to  exist, 
but  I  shall  give  an  account  of  experiments  made  on  such 
a  large  scale  as  to  afford  results  of  the  most  exact  kind. 

I  caused  an  excavation  of  14  feet  in  height,  5  feet  in  length, 
and  3,  feet  in  breadth,  to  be  made  in  a  coal-stratum  in  the 
vicinity  of  the  blower  of  Gerhard’s  gallery.  This  excavation, 
called  in  Germany,  “  Ueborsich  brechen,’’  being  above  the  gal¬ 
lery,  experimenters  standing  in  the  latter,  where  there  was 
good  ventilation,  were  enabled  to  make  their  experiments 
without  danger.  The  excavation  was  soon  charged  with  fire¬ 
damp. 

The  lamps  from  No.  1  to  No.  13  were  in  succession  drawn 
up  into  the  excavation,  and  remained  in  it  from  five  to  ten 
minutes,  during  which  time  they  were  strongly  agitated. 
Though  the  effects  produced  by  the  explosive  mixtures  were 
very  vehement,  for  the  wire-gauzes  became  quite  red-hot,  the 
whole  cylinders  were  filled  with  fire,  the  oil  began  to  boil,  and 
a  humming  noise  like  that  of  the  chemical  harmonica  was 
heard,  yet  the  wire-gauzes  remained  quite  impermeable  to 
flame.  Some  of  these  lamps,  drawn  up  too  high  into  the  ex¬ 
cavation,  were  extinguished.  The  lamp  No.  3  fell  down,  as 
the  pack-thread  by  which  it  was  suspended  was  burned,  but  an 
explosion  did  not  take  place.  No.  5  caused,  it  is  true,  an  ex¬ 
plosion,  but  it  was  found  that  the  wire-gauze,  from  its  hav¬ 
ing  remained  for  eight  minutes  in  the  explosive  mixture, 
had  suffered  oxidation,  and  had  fallen  to  pieces. 

On  the  contrary,  the  lamp  No.  14  instantly  effected  an  ex¬ 
plosion,  before  the  wire-gauze  became  red-hot.  It  was  there¬ 
fore  not  necessary  to  employ  the  lamps  after  No.  14,  as  they 
would  doubtless  have  given  the  same  results. 
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While  in  the  apparatus,  the  cylinders  having  10-4  meshes 
to  the  square  inch,  were  found  perfectly  safe,  a  cylinder  of 
184  meshes,  and  28  lines  in  diameter,  effected  an  explosion; 
the  reason  of  this  unequal  result,  no  doubt,  depending  on  the 
circumstance  that  the  apparatus  contains  2|  cubical  feet  of 
explosive  mixture,  but  the  excavation  233  cub.  feet.  From 
this  is  to  be  seen  the’importance  of  making  experiments  in  such 
large  spaces,  in  order  to  prove  the  security  of  the  safety- 
lamps. 

Similar  experiments  Avere  also  instituted  in  an  excavation 
made  in  the  coal-strata  of  Wellesweiler.  The  phenomena 
were  in  general  the  same,  but  the  results  rather  different, 
though  strictly  in  accordance  with  the  results  of  the  chemical 
analysis.  The  lamp  No.  8  was  quite  safe,  but  No.  9  and  No. 
10  produced  an  explosion.  No  13  likewise  produced  instantly 
an  explosion  ;  therefore  these  three  lamps,  which  were  quite 
safe  in  the  former  excavation,  produced  in  the  latter  an  ex¬ 
plosion. 

So  large  as  these  excavations  were,  it  is  nevertheless  to  he 
remarked,  that  the  experiments  give  sufficient  results  only 
when  the  disengagement  of  the  fire-damp  from  between  beds 
of  coal  takes  place  in  the  same  proportion  as  is  consumed  by 
burning  the  safety-lamps.  On  the  contrary,  the  vehemence 
of  the  effects  gradually  decreases,  and  no  safety-lamp  can 
produce  an  explosion,  as  it  would  have  done  provided  the  ex¬ 
plosive  mixture  had  been  there  in  its  strongest  form. 

The  officers  of  mines,  who  made  the  latter  experiments 
enumerated,  have  had  a  favourable  opportunity  of  inquiring 
into  the  circumstances  taking  place  when  the  fire-damp  is  in 
violent  motion. 

A  gallery  35  feet  in  length,  5  feet  in  height,  and  4  feet  in 
breadth,  rising  at  an  angle  of  20  degrees,  was  filled  with 
about  300  cubical  feet  of  explosive  mixture.  Against  this 
gallery  another  one  was  carried.  Through  the  intervening 
space  between  these  two  galleries  a  hole  of  1  inch  in  diameter 
and  40  inches  in  length  was  bored  and  closed  up  by  a  stopper. 
On  approaching  a  safety-lamp  of  900  apertures  to  the  square 
inch  to  the  hole,  and  on  opening  the  stopper,  the  presence  of 
fire-damp  was  ascertained  by  the  flame  being  increased  nearly 
by  one  inch.  But  the  streaming  of  the  air  was  so  vehement, 
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as  to  push  the  flame  by  lialf  an  inch  aside,  and  at  last  to  extin¬ 
guish  it.  Other  safety-lamps  of  308  and  184  meshes  to  the 
s(|uare  inch,  gave  the  same  results.  Lastly,  a  common  mining 
lamp  was  placed  before  the  hole.  The  flame  of  the  lamp  was 
pushed  inch  aside,  and  was  blue  coloured,  but  did  not  kindle 
the  fire-damp  which  was  streaming  out.  On  removing  the 
lamp,  the  blue  flame  disappeared,  without  being  extinguished. 

From  these  observations  it  follows,  that  the  inflammation 
of  the  gas  issuing  from  the  hole,  and  kindled  by  a  lamp,  is  not 
continued  backwards  ;  and  this  is  owing  to  the  strong  stream¬ 
ing  of  the  gas.  Hence  it  appears  to  follow,  that  if  holes  are 
bored  against  a  rising  gallery  filled  with  an  explosive  mixture, 
an  explosion  is  not  to  be  feared  with  a  common  lamp,  and  still 
less  with  a  safety-lamp. 

As  the  fire-damp  of  the  artesian  well  in  the  principality  of 
Schaumburg  contains  16  per  cent,  olefiant  gas,  and  only  5  per 
cent,  nitrogen  (see  last  No.,  p.  146),  it  was  to  be  expected 
that  many  of  the  lamps,  which  were  quite  safe  in  the  ex¬ 
plosive  mixtures  of  the  coal  mines,  would  no  longer  be  safe 
in  this  case. 

The  results  of  my  experiments  made  with  this  fire-damp 
were,  that  all  the  thirty  wire-gauzes,  without  exception,  pro¬ 
duced  explosions.  But  a  safety-lamp  of  620  apertures  to  the 
square  inch  was,  under  all  circumstances,  quite  safe. 

The  experiments  enumerated  shew,  that  in  many  coal-mines 
wire-gauzes  of  larger  apertures  than  now  in  use  may  be  em¬ 
ployed.  Such  a  contrivance  would  be  useful  to  the  work¬ 
men,  as  complaints  are  frequently  made  of  the  obscure  light 
aflbrded  by  the  safety-lamp.  Indeed,  I  have  had  myself  op¬ 
portunities  of  observing  this  during  my  frequent  visits  to  mines 
filled  with  fire-damp.  The  size  of  the  apertures  in  the  wire- 
gauzes  employed  in  any  coal-mine  may  be  easily  ascertained 
by  experiments  in  excavations  made  in  the  mines.  But  even 
in  coal-mines  charged  with  the  most  dangerous  explosive 
mix^res,  wire-gauzes  of  620  apertures  to  the  square  inch, 
appear  to  restrain  the  flame  within  its  narrow  bounds,  and  to 
prevent  explosions. 

Finally,  1  have  to  remark,  that  the  Royal  Academy  of 
Sciences  at  Brussels  announced  last  year  a  prize-question, — 
“  Rcchcrcher  ct  discutcr  Ics  moyens  dc  soustraire  les  travaux 


386  Mr  Gallo^A’uy  on  Shooting-Siars  and  Meteors. 

d’exploitation  des  mines  d’houille  aux  charges  d’explosion 
I  undertook  this  question,  and  was  so  fortunate  as  to  see 
my  memoir  crowned  by  the  Academy.  The  'greater  part  of 
my  experiments  were  enumerated  in  that  memoir,  but  another 
portion  of  them  made  during  this  year  is  now  for  the  first  time 
published.  As  the  experiments  in  the  Pmssian  coal-mines  are 
still  going  on,  I  shall  have  occasion  for  farther  communications 
on  a  subject  so  important  for  the  interests  of  humanity. 


Bemarks  on  the  Present  State  of  our  Knowledge  relative  to 
Shooting-Stars,  and  on  the  Determination  of  Differences  of 
Longitude  from  Observations  of  those  Meteors.  By  Mr  Gal¬ 
loway. 

At  the  meeting  of  the  Astronomical  Society  of  the  8th 
January  1841,  Mr  Galloway  read  a  communication  on  this 
subject. 

Earlier  Opinions. — After  adverting  to  some  of  the  earlier 
opinions  which  have  been  entertained  on  the  nature  of  fire¬ 
balls,  shooting- stars,  and  other  igneous  meteors,  the  author 
remarks,  that  no  very  definite  theory  was  formed  respecting 
them  till  towards  the  end  of  the  last  century  ;  for  although  the 
cosmical  origin  of  the  more  remarkable  bolides  and  fire-balls 
had  been  suspected,  the  shooting-stars  were  generally  regarded 
as  atmospherical  phenomena,  which  were  ascribed  by  some  to 
electricity,  and  by  others  to  the  inflammation  of  hydrogen  gas 
accumulated  in  the  higher  regions  of  the  atmosphere. 

Chladni’s  Views. — In  1794,  Chladni  published  his  celebrated 
work,  in  which  he  gave  a  catalogue  of  all  the  recorded  obser¬ 
vations  of  fire-balls  ;  and,  from  a  comparison  of  the  different 
descriptions,  inferred  that  these  meteors  have  not  their  origin 
in  our  atmosphere,  but  are  cosmical  masses  moving  through 
the  planetary  spaces  with  velocities  equal  to  those  of  the  pla¬ 
nets,  which,  when  they  encounter  the  earth’s  atmosphere,  aro 
inflamed  by  the  resistance  and  friction,  and  become  luminous, 
sometimes  bursting  into  pieces,  and  scattering  masses  of  stone 
and  iron  on  the  ground.  This  opinion  was  at  first  greatly  ri¬ 
diculed  ;  but  the  repeated  and  even  not  unfrequent  fall  of  me- 
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present  an  almost  perfect  similarity  of  constitution,  widely 
different  from  that  of  any  substance  foimd  on  the  earth,  at 
length  forced  conviction  even  on  the  most  sceptical.  From 
the  close  resemblance  between  fire-balls  and  shooting- stars, 
and,  indeed,  the  impossibility  in  many  cases  of  distinguishing 
the  one  class  of  meteors  from  the  other,  Chladni  was  led  also 
to  ascribe  a  cosmical  origin  to  the  latter  phenomena.  At  this 
period,  however,  there  were  no  observations  from  which  pre¬ 
cise  or  certain  conclusions  could  be  formed  respecting  the  al¬ 
titudes,  velocities,  or  paths,  described  by  the  shooting-stars — 
the  elements  by  which  the  question  of  their  existence  mthin 
or  beyond  the  atmosphere  could  be  solved. 

Observations  by  Brandesand  Benzenberg. — In  the  year  1798, 
the  first  series  of  observations  for  determining  these  points, 
was  undertaken  in  Germany  by  Brandes  and  Benzenberg. 
Having  selected  a  base-line  of  about  nine  English  miles  in 
length,  and  stationed  themselves  at  its  extremities,  they  began 
to  observe  on  nights  previously  agreed  on ;  and  when  a  me¬ 
teor  was  seen,  they  immediately  traced  its  apparent  path  on 
a  celestial  map,  noting  carefully  the  exact  times  of  its  appear¬ 
ance  and  extinction,  with  any  other  circumstances  likely  to 
assist  in  identifying  it.  The  meteors  observed  simulta¬ 
neously  at  both  stations  were  in  this  manner  recognised  with 
considerable  certainty ;  and  the  comparison  of  their  paths 
on  the  two  maps  afforded  data  for  the  determination  of  their 
parallaxes  and  altitudes.  The  results  were  as  follows : — Be¬ 
tween  the  11th  of  September  and  the  4th  of  November  1798, 
only  twenty-two  corresponding  observations  were  obtained, 
from  which  the  altitudes  could  be  computed.  The  altitude 
of  the  lowest  was  about  6  English  miles ;  there  were  seven 
under  45  miles ;  nine  between  45  and  90  miles ;  six  above 
90  miles  ;  and  one  had  an  altitude  of  about  140  miles.  There 
were  only  two  observations  from  which  the  velocity  could  be 
deduced  ;  the  first  gave  25  miles,  and  the  second  from  17  to 
2ljniles  in  a  second.  The  most  remarkable  result  was,  that 
at  least  one  of  the  meteors  moved  upwards,  or  away  from 
the  earth.  By  these  observations,  the  perfect  similarity  be¬ 
tween  fire-balls  and  shooting-stars,  in  respect  of  velocity 
and  altitude,  was  completely  established.  Another  attempt, 
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d’exploitation  des  mines  d’houille  aux  charges  d’explosion.” 
I  undertook  this  question,  and  was  so  fortunate  as  to  see 
my  memoir  crowned  by  the  Academy.  The  'greater  part  of 
my  experiments  Avere  enumerated  in  that  memoir,  but  another 
portion  of  them  made  during  this  year  is  now  for  the  first  time 
published.  As  the  experiments  in  the  Prussian  coal-mines  are 
still  going  on,  I  shall  have  occasion  for  farther  communications 
on  a  subject  so  important  for  the  interests  of  humanity. 


'Remarks  on  the  Present  State  of  our  Knowledge  relative  to 
Shooting-Stars,  and  on  the  Determination  of  Differences  of 
Longitude  from  Observations  of  those  Meteors.  By  Mr  Gal¬ 
loway. 

At  the  meeting  of  the  Astronomical  Society  of  the  8th 
January  1841,  Mr  GalloAvay  read  a  communication  on  this 
subject. 

Earlier  Opinions. — After  adverting  to  some  of  the  earlier 
opinions  which  have  been  entertained  on  the  nature  of  fire¬ 
balls,  shooting- stars,  and  other  igneous  meteors,  the  author 
remarks,  that  no  very  definite  theory  was  formed  respecting 
them  till  towards  the  end  of  the  last  century ;  for  although  the 
cosmical  origin  of  the  more  remarkable  bolides  and  fire-balls 
had  been  suspected,  the  shooting-stars  w'cre  generally  regarded 
as  atmospherical  phenomena,  Avhich  were  ascribed  by  some  to 
electricity,  and  by  others  to  the  inflammation  of  hydrogen  gas 
accumulated  in  the  higher  regions  of  the  atmosphere. 

Chladni’s  Views. — In  1794,  Chladni  published  his  celebrated 
work,  in  which  he  gave  a  catalogue  of  all  the  recorded  obser¬ 
vations  of  fire-balls  ;  and,  from  a  comparison  of  the  different 
descriptions,  inferred  that  these  meteors  have  not  their  origin 
in  our  atmosphere,  but  are  cosmical  masses  moving  through 
the  planetary  spaces  Avith  velocities  equal  to  those  of  the  pla¬ 
nets,  Avhich,  Avhen  they  encounter  the  earth’s  atmosphere,  are 
inflamed  by  the  resistance  and  friction,  and  become  luminous, 
sometimes  bursting  into  pieces,  and  scattering  masses  of  stone 
and  iron  on  the  ground.  This  opinion  Avas  at  first  greatly  ri¬ 
diculed  ;  but  the  repeated  and  even  not  unfrequent  fall  of  me¬ 
teoric  stones,  and  the  discovery  by  Howard  that  all  of  them 
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present  an  almost  perfect  similarity  of  constitution,  widely 
different  from  that  of  any  substance  fmmd  on  the  earth,  at 
length  forced  conviction  even  on  the  most  sceptical.  From 
the  close  resemblance  between  fire-balls  and  shooting- stars, 
and,  indeed,  the  impossibility  in  many  cases  of  distinguishing 
the  one  class  of  meteors  from  the  other,  Chladni  was  led  also 
to  ascribe  a  cosmical  origin  to  the  latter  phenomena.  At  this 
period,  however,  there  were  no  observations  from  which  pre¬ 
cise  or  certain  conclusions  could  be  formed  respecting  the  al¬ 
titudes,  velocities,  or  paths,  described  by  the  shooting-stars — 
the  elements  by  which  the  question  of  their  existence  mthin 
or  beyond  the  atmosphere  could  be  solved. 

Observations  by  Brandesand  Benzenberg. — In  the  year  1798, 
the  first  series  of  observations  for  determining  these  points, 
was  undertaken  in  Germany  by  Brandes  and  Benzenberg. 
Having  selected  a  base-line  of  about  nine  English  miles  in 
length,  and  stationed  themselves  at  its  extremities,  they  began 
to  observe  on  nights  previously  agreed  on ;  and  Avhen  a  me¬ 
teor  was  seen,  they  immediately  traced  its  apparent  path  on 
a  celestial  map,  noting  carefully  the  exact  times  of  its  appear¬ 
ance  and  extinction,  with  any  other  circumstances  likely  to 
assist  in  identifying  it.  The  meteors  observed  simulta¬ 
neously  at  both  stations  Avero  in  this  manner  recognised  Avith 
considerable  certainty ;  and  the  comparison  of  their  paths 
on  the  two  maps  afforded  data  for  the  determination  of  their 
parallaxes  and  altitudes.  The  results  were  as  folloAvs : — Be¬ 
tween  the  11th  of  September  and  the  4th  of  November  1798, 
only  tAventy-tAvo  cori’espoiiding  observations  AA'ere  obtained, 
from  Avhich  the  altitudes  could  be  computed.  The  altitude 
of  the  lowest  Avas  about  6  English  miles ;  there  were  seven 
under  45  miles ;  nine  betAveen  45  and  90  miles ;  six  above 
90  miles ;  and  one  had  an  altitude  of  about  140  miles.  There 
AA'ere  only  two  observations  from  Avhich  the  velocity  could  be 
deduced ;  the  first  gave  25  miles,  and  the  second  from  17  to 
21  miles  in  a  second.  The  most  remarkable  result  was,  that 
at  least  one  of  the  meteors  moved  upAvards,  or  away  from 
the  earth.  By  these  observations,  the  perfect  similarity  be- 
tAveen  fire-balls  and  shooting-stars,  in  respect  of  velocity 
and  altitude,  Avas  comi)letcly  established.  Another  attempt, 
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While  in  the  apparatus,  the  cylinders  having  lOi  meshes 
to  the  square  inch,  were  found  perfectly  safe,  a  cylinder  of 
184  meshes,  and  28  lines  in  diameter,  cH'ectcd  an  explosion  ; 
the  reason  of  this  uuc<iual  result,  no  doubt,  depending  on  the 
circumstance  that  the  apparatus  contains  2^  cubical  feet  of 
explosive  mixture,  but  the  excavation  233  cub.  feet.  From 
this  is  to  be  scon  tlic' importance  of  ntoking  experiments  in  such 
large  spaces,  in  order  to  prove  the  security  of  the  safety- 
lamps. 

•Similar  experiments  were  also  instituted  in  an  excavation 
made  in  the  coal-strata  of  Wellesweiler.  The  phenomena 
were  in  general  the  same,  but  the  results  rather  different, 
though  strietly  in  accordance  with  the  results  of  the  chemical 
analysis.  The  lamp  No.  8  was  quite  safe,  but  No.  9  and  No. 
10  produced  an  explosion.  No  13  likewise  produced  instantly 
an  explosion  ;  therefore  these  three  lamps,  which  were  quite 
safe  in  the  former  excavation,  produced  in  the  latter  an  ex¬ 
plosion. 

So  large  as  these  excavations  were,  it  is  nevertheless  to  bo 
remarked,  that  the  experiments  give  sufficient  results  only 
when  the  disengagement  of  the  fire-damp  from  between  beds 
of  coal  takes  place  in  the  same  proportion  as  is  consumed  by 
burning  the  safety-lamps.  On  the  contrary,  the  vehemence 
of  the  effects  gradually  decreases,  and  no  safety-lamp  can 
produce  an  explosion,  as  it  would  have  done  provided  the  ex¬ 
plosive  mixture  Imd  been  there  in  its  strongest  form. 

The  officers  of  mines,  who  made  the  latter  experiments 
enumerated,  have  had  a  favourable  opportunity  of  inquiring 
into  the  circumstances  taking  place  when  the  fire-damp  is  in 
violent  motion. 

A  gallery  35  feet  in  length,  5  feet  in  height,  and  4  feet  in 
lareadth,  rising  at  an  angle  of  20  degrees,  was  filled  with 
about  300  cubical  feet  of  explosive  mixture.  Against  this 
gallery  another  one  was  carried.  Through  the  intervening 
space  between  these  two  galleries  a  hole  of  1  inch  in  diameter 
and  40  inches  in  length  was  bored  and  closed  up  by  a  stopper. 
On  approaching  a  safety-lamp  of  900  apertures  to  the  square 
inch  to  the  hole,  and  on  opening  the  stopper,  the  presence  of 
fire-damp  was  ascertained  by  the  flame  being  increased  nearly 
by  one  inch.  But  the  streaming  of  the  air  was  so  vehement. 
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as  to  push  tho  name  by  half  an  inch  aside,  and  ut  last  to  extIn* 
ffuish  it.  Other  safety-lamps  of  308  and  184  meshes  to  tho 
s<|uare  inch,  ^ave  the  same  results.  I,astly,  a  common  mining; 
lump  was  placed  before  the  hole.  The  Hamo  of  the  lump  was 
pu-shed  14  inch  aside,  and  wiu  blue  coloured,  but  did  nut  kindle 
the  tire-<lamp  which  was  streumin);  out.  On  reinovinff  tho 
lump,  the  blue  Hume  disappeared,  without  being  extinguishcil. 

From  these  observations  it  follows,  that  tho  infinmmation 
of  the  gas  is.suingfrom  the  hole,  and  kindled  by  a  lamp,  is  not 
continued  Imckwanls  ;  and  this  is  owing  to  the  strong  stream¬ 
ing  of  the  ga-s.  lieiicc  it  appears  to  follow,  that  if  holes  are 
bored  against  a  rising  gallery  filled  with  an  explosive  mixture, 
an  explosion  is  not  to  be  feared  with  a  common  lamp,  and  still 
less  with  a  safety-lamp. 

As  the  fire-damp  of  the  artesian  well  in  the  principality  of 
Schaumburg  contains  16  per  cent,  olefiant  gas,'  and  only  5  per 
cent,  nitrogen  (see  last  No.,  p.  146),  it  was  to  be  expected 
that  many  of  the  lamps,  which  were  quite  safe  in  the  ex¬ 
plosive  mixtures  of  the  coal  mines,  would  no  longer  be  safe 
in  this  case. 

The  results  of  my  experiments  made  with  this  fire-damp 
were,  that  all  the  thirty  wire-gauzes,  without  exception,  pro¬ 
duced  explosions.  But  a  safety-lamp  of  620  apertures  to  the 
square  inch  was,  under  all  circumstances,  quite  safe. 

The  experiments  enumerated  shew,  that  in  many  coal-mines 
wire-gauzes  of  larger  apertures  than  now  in  use  may  be  em¬ 
ployed.  Sueh  a  contrivance  would  be  useful  to  the  work¬ 
men,  as  complaints  are  frequently  made  of  the  obscure  light 
afforded  by  the  safety-lamp.  Indeed,  I  have  had  myself  op¬ 
portunities  of  observing  this  during  my  frequent  visits  to  mines 
filled  with  fire-damp.  The  size  of  the  apertures  in  the  wire- 
gauzes  employed  in  any  coal-mine  may  be  easily  ascertained 
by  experiments  in  excavations  made  in  the  mines.  But  even 
in  coal-mines  charged  with  the  most  dangerous  explosive 
mixtures,  wire-gauzes  of  620  apertures  to  the  square  inch, 
appear  to  restrain  the  flame  within  its  narrow  bounds,  and  to 
prevent  explosions. 

Finally,  I  have  to  remark,  that  the  Royal  Academy  of 
Sciences  at  Brussels  announced  last  year  a  prize-question, — 
“  Rechercher  et  discutcr  les  moyens  de  soustraire  les  travaux 
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d’exploitation  des  mines  d’houille  aux  charges  d’explosion.” 
I  undertook  this  question,  and  was  so  fortunate  as  to  see 
my  memoir  crowned  by  the  Academy.  The  'greater  part  of 
my  experiments  were  enumerated  in  that  memoir,  but  another 
portion  of  them  made  during  this  year  is  now  for  the  first  time 
published.  As  the  experiments  in  the  Prussian  coal-mines  are 
still  going  on,  I  shall  have  occasion  for  farther  communications 
on  a  subject  so  important  for  the  interests  of  humanity. 


Bemarks  on  the  Present  State  of  our  Knowledge  relative  to 
Shooting-Stars,  and  on  the  Determination  of  Differences  of 
Longitude  from  Observations  of  those  Meteors.  By  Mr  Gal¬ 
loway. 

At  the  meeting  of  the  Astronomical  Society  of  the  8th 
January  1841,  Mr  Galloway  read  a  communication  on  this 
subject. 

Earlier  Opinions. — After  adverting  to  some  of  the  earlier 
opinions  which  have  been  entertained  on  the  nature  of  fire¬ 
balls,  shooting- stars,  and  other  igneous  meteors,  the  author 
remarks,  that  no  very  definite  theory  was  formed  respeeting 
them  till  towards  the  end  of  the  last  century  ;  for  although  the 
cosmical  origin  of  the  more  remarkable  bolides  and  fire-balls 
had  been  suspected,  the  shooting-stars  were  generally  regarded 
as  atmospherical  phenomena,  which  were  aseribed  by  some  to 
electricity,  and  by  others  to  the  inflammation  of  hydrogen  gas 
accumulated  in  the  higher  regions  of  the  atmosphere. 

Chladni^s  Views. — In  1794,  Chladni  published  his  celebrated 
work,  in  which  he  gave  a  catalogue  of  all  the  recorded  obser¬ 
vations  of  fire-balls  ;  and,  from  a  comparison  of  the  different 
descriptions,  inferred  that  these  meteors  have  not  their  origin 
in  our  atmosphere,  but  are  cosmical  masses  moving  through 
the  planetary  spaces  with  velocities  equal  to  those  of  the  pla¬ 
nets,  which,  when  they  encounter  the  earth’s  atmosphere,  are 
inflamed  by  the  resistance  and  friction,  and  become  luminous, 
sometimes  bursting  into  pieces,  and  scattering  masses  of  stone 
and  iron  on  the  ground.  This  opinion  was  at  first  greatly  ri¬ 
diculed  ;  but  the  repeated  and  even  not  unfrequent  fall  of  me¬ 
teoric  stones,  and  the  discovery  by  Howard  that  all  of  them 
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present  an  almost  perfect  similarity  of  constitution,  widely 
different  from  that  of  any  substance  found  on  the  earth,  at 
length  forced  conviction  even  on  the  most  sceptical.  From 
the  close  resemblance  between  fire-balls  and  shooting- stars, 
and,  indeed,  the  impossibility  in  many  eases  of  distinguishing 
the  one  class  of  meteors  from  the  other,  Chladni  was  led  also 
to  ascribe  a  cosmical  origin  to  the  latter  phenomena.  At  this- 
period,  however,  there  were  no  observations  from  which  pre¬ 
cise  or  certain  conclusions  could  be  formed  respecting  the  al¬ 
titudes,  velocities,  or  paths,  described  by  the  shooting-stars — 
the  elements  by  which  the  question  of  their  existence  within 
or  beyond  the  atmosphere  could  be  solved. 

Observations  by  Brandesand  Benzenberg. — In  the  year  1798, 
the  first  series  of  observations  for  determining  these  points, 
was  undertaken  in  Germany  by  Brandes  and  Benzenberg. 
Having  selected  a  base-line  of  about  nine  English  miles  in 
length,  and  stationed  themselves  at  its  extremities,  they  began 
to  observe  on  nights  previously  agreed  on ;  and  when  a  me¬ 
teor  was  seen,  they  immediately  traced  its  apparent  path  on 
a  celestial  map,  noting  carefully  the  exact  times  of  its  appear¬ 
ance  and  extinction,  with  any  other  circumstances  likely  to 
assist  in  identifying  it.  The  meteors  observed  simulta¬ 
neously  at  both  stations  were  in  this  manner  recognised  with 
considerable  certainty;  and  the  comparison  of  their  paths 
on  the  two  maps  afforded  data  for  the  determination  of  their 
parallaxes  and  altitudes.  The  results  were  as  follows : — Be¬ 
tween  the  11th  of  September  and  the  4th  of  November  1798, 
only  twenty-two  corresponding  observations  were  obtained, 
from  which  the  altitudes  could  be  computed.  The  altitude 
of  the  lowest  was  about  6  English  miles  ;  there  were  seven 
under  45  miles ;  nine  between  45  and  90  miles ;  six  above 
90  miles ;  and  one  had  an  altitude  of  about  140  miles.  There 
were  only  two  observations  from  which  the  velocity  could  be 
deduced  ;  the  first  gave  25  miles,  and  the  second  from  17  to 
21  miles  in  a  second.  The  most  remarkable  result  was,  that 
at  least  one  of  the  meteors  moved  upwards,  or  away  from 
the  earth.  By  these  observations,  the  perfect  similarity  be¬ 
tween  fire-balls  and  shooting-stars,  in  respect  of  velocity 
and  altitude,  was  completely  established.  Another  attempt. 
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on  a  more  extensive  scale,  to  determine  the  altitudes  and 
velocities  of  shooting-stars,  by  means  of  simultaneous  obser¬ 
vations,  was  made  by  Brandes  in  1823,  assisted  by  a  number 
of  associates  resident  in  Breslaw  and  the  neighbouring  towns. 
The  observations  were  continued  from  April  to  October,  and 
during  this  interval  about  1800  shooting-stars  were  observed 
at  the  different  places,  out  of  which  number  ninety-eight  were 
found  which  had  been  observed  simultaneously  at  more  than 
one  station.  The  altitudes  of  four  of  these  were  computed  to 
be  under  15  English  miles ;  of  fifteen  between  1 5  and  30  miles ; 
of  twenty-two  between  30  and  45  miles;  of  thirty-five  between 
45  and  70  miles ;  of  thirteen  between  70  and  90  miles ;  and  of 
eleven  above  90  miles.  Two  of  these  last  had  an  altitude 
of  about  140  miles ;  one  of  220  miles ;  one  of  280  miles ; 
and  there  was  one  whose  height  was  computed  to  exceed 
460  miles.  Thirty-six  orbits  were  obtained ;  in  twenty-six  of 
which  the  motion  was  downwards,  in  one  horizontal,  and  in 
the  remaining  nine  more  or  less  upwards.  In  three  cases 
only  the  observations  were  so  complete  as  to  furnish  data  for 
determining  the  velocity  ;  the  results  were  respectively  23,  28, 
and  37  English  miles  in  a  second,  the  last  being  nearly  double 
the  velocity  of  the  earth  in  its  orbit.  The  trajectories  were 
frequently  not  straight  lines,  but  incurvated,  sometimes  hori¬ 
zontally,  and  sometimes  vertically,  and  sometimes  they  were 
of  a  serpentine  form.  The  predominating  direction  of  the  mo¬ 
tion  was  from  north-east  to  south-west,  contrary  to  the  mo¬ 
tion  of  the  earth  in  its  orbit, — a  circumstance  which  has  been 
generally  remarked,  and  which  is  important  in  respect  of  the 
physical  theory  of  the  meteors. 

QueteleC s  Observations. — A  similar  set  of  observations  was 
made  in  Belgium  in  1824,  under  the  direction  of  M.  Quetelet, 
the  results  of  which  are  published  in  the  Annuaire  de  Brux¬ 
elles  for  1837.  M.  Quetelet  was  chiefly  solicitous  to  deter¬ 
mine  the  velocity  of  the  meteors.  He  obtained  six  corres¬ 
ponding  observations  from  which  this  element  could  be  de¬ 
duced,  and  the  results  varied  from  10  to  25  English  miles  in 
a  second.  The  mean  of  the  six  results  gave  a  velocity  of 
nearly  17  miles  per  second,  a  little  less  than  that  of  the  earth 
in  its  orbit. 
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JFdrtmanns  Observations, — The  last  set  of  corresponding 
observations  referred  to  in  the  paper  was  made  in  Switzer¬ 
land,  on  the  10th  of  August  1838  ;  a  circumstantial  account  of 
which  is  given  by  M.Wartmann,  in  Quetelet’s  Correspondence 
MathLmatique  for  July  1839.  M.  Wartmann,  and  five  other 
observers,  provided  with  celestial  charts,  stationed  them¬ 
selves  at  the  Observatory  of  Geneva  ;  and  the  correspond¬ 
ing  observations  were  made  by  M.  Renier  and  an  assistant, 
at  Planchettcs,  a  village  about  sixty  miles  to  the  north¬ 
east  of  that  city.  In  the  space  of  seven  and  a  half  hours, 
the  number  of  meteors  observed  by  the  six  observers  at  Ge¬ 
neva  was  381 ;  and  during  five  and  a  half  hours,  the  number 
observed  at  Planchettcs  by  two  observers  was  104.  All  the 
circumstances  of  the  phenomena — the  place  of  the  apparition 
and  disappearance  of  each  meteor,  tlie  time  it  continued  visi¬ 
ble,  its  brightness  relatively  to  the  fixed  stars,  whether  ac¬ 
companied  with  a  train,  &c.,  were  carefully  noted.  The 
trajectories  were  then  projected  on  a  large  planisphere.  The 
extent  of  the  trajectories  described  by  the  meteors  was  very 
different,  varying  from  8°  to  70°  of  angular  space,  and  the  ve¬ 
locities  appeared  also  to  differ  considerably  ;  but  the  average 
velocity  concluded  by  M.  Wartmann  was  25°  per  second.  It 
was  found,  from  the  comparison  of  the  simultaneous  observa¬ 
tions,  that  the  average  height  above  the  ground  was  about 
550  miles ;  and  hence  the  relative  velocity  was  computed  to 
be  about  240  miles  in  a  second.  But  as  the  greater  number 
moved  in  a  direction  opposite  to  that  of  the  earth  in  its  orbit, 
the  relative  velocity  must  be  diminished  by  the  earth’s  velo¬ 
city  (about  19  miles  in  a  second).  This  still  leaves  upwards 
of  220  miles  per  second  for  the  absolute  velocity  of  the  me¬ 
teor,  which  is  more  than  eleven  times  the  orbital  velocity  of 
the  earth,  seven  and  a  half  times  that  of  the  planet  Mercury, 
and  probably  greater  than  that  of  the  comets  at  their  peri¬ 
helia. 

Deductions  from  the  above  observations. — From  the  above 
results,  it  is  obvious  that  the  heights  and  velocities  of  the 
shooting-stars  are  exceedingly  various  and  uncertain ;  but  if 
the  observations  are  in  any  respect  worthy  of  confidence  they 
prove  that  many  of  these  meteors  (according  to  Wtuimann’s 
observations,  by  far  the  greater  number)  are,  during  the  time 
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of  their  visibility,  far  beyond  the  limits  to  which  atmosphere 
is  supposed  to  extend,  and  that  their  velocities  greatly  exceed 
that  which  is  due  to  bodies  moving  at  the  same  distance 
from  the  sun  under  the  influence  of  solar  gravitation.  It  is 
perhaps  impossible  to  form  any  correct  estimate  of  the  abso¬ 
lute  magnitudes  of  the  meteors.  Their  apparent  magnitudes 
differ  greatly ;  the  greater  number  resembling  stars  of  the 
third  or  fourth  magnitude,  while  many  are  equal  to  stars  of 
the  first,  and  some  even  surpass  Jupiter  and  Venus  in  bril¬ 
liancy.  It  is  remarkable  that  the  largest  are  those  which  have 
the  greatest  altitude,  and  only  the  smaller  ones  appear  to 
come  within  20  or  even  40  miles  of  the  earth* 

Epochs  of  Becurrence  of  Falling  Stars. — With  respect  to  the 
casual  observations  of  the  phenomena,  the  accounts  of  which 
are  very  numerous,  the  most  interesting  conclusion  which 
has  been  inferred  from  them  is  the  periodical  recurrence  of 
shooting-stars  in  unusual  numbers  at  certain  epochs  of  the 
year.  Of  these  epochs,  the  most  remarkable  is  that  of  No¬ 
vember,  on  account  of  the  prodigious  number  of  meteors 
which  have  been  seen  in  some  years  at  that  time.  The 
principal  displays  were  1799,  1832,  1833,  and  1834.  On 
the  11th  of  November  1799,  thousands  were  observed  within 
a  few  hours  by  Humboldt  and  Bonpland  at  Cumana ;  and  on 
the  same  night  by  different  persons  over  the  whole  continent 
of  America,  from  the  borders  of  Brazil  to  Labrador,  and  also 
in  Greenland  and  Germany.  On  the  12th  November  1832, 
they  were  seen  over  the  whole  of  the  north  of  Europe  ;  and 
on  the  12th  of  November  1833,  the  stupendous  exhibition 
took  place  in  North  America,  which  has  been  so  often  de¬ 
scribed.  From  the  accounts  of  this  phenomenon  collected  by 
Professor  Olmsted,  M.  Arago  computed  that  the  number  of 
meteors  on  this  night  amounted  to  240,000.  In  1834,  a 
similar  phenomenon  recurred  on  the  night  of  the  13th  of 
November,  but  on  this  occasion  the  meteors  were  of  a  smaller 
size.  In  1835,  1836,  and  1838,  shooting-stars  were  observed 
on  the  night  of  the  13th  November,  in  different  parts  of  the 
W'orld  ;  but  though  diligently  looked  for  on  the  same  night  in 
the  last  few  years,  do  not  appear  to  have  been  more  nume¬ 
rous  than  on  other  nights  about  the  same  season, — a  circum¬ 
stance  which  has  shaken  the  faith  of  many  in  their  periodicity. 
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Tho  second  great  meteoric  epoch  is  the  10th  of  August,  first 
pointed  out  by  M.  Quetelet ;  and  although  no  displays  similar 
to  those  of  tho  November  period  have  been  witnessed  on  this 
night,  there  are  more  instances  of  tho  recurrence  of  the  phe¬ 
nomena,  In  the  last  three  years  shooting-stars  have  been  ob¬ 
served  in  great  numbers,  both  on  the  9th  and  10th  ;  but  they 
appear  in  general  to  bo  unusually  abundant  during  the  two 
first  weeks  in  August.  The  other  periods  which  have  been 
indicated  are  the  18th  of  October,  the  23d  or  24th  of  April, 
the  Gth  and  7th  of  December,  from  the  15th  to  the  30th  of 
June,  and  the  2d  of  January  ;  and  it  is  not  improbable  that 
further  obser\'ations  will  add  to  the  number. 

Theories  regarding  the  Origin  and  Phenomena  of  Shooting- 
Stars. — The  different  theories  which  have  been  given  to  ex¬ 
plain  the  origin  and  phenomena  of  the  shooting-stars  are  next 
stated.  The  following  are  the  principal : — 

1.  That  the  shooting-stars  and  fire-balls  are  substances 
projected  from  volcanos  in  the  moon.  It  is  known  that  a 
body  projected  vertically  from  the  moon  with  a  velocity  of 
about  8590  feet  in  a  second  would  not  fall  back  upon  the  lu¬ 
nar  surface,  but  would  recede  from  it  indefinitely  ;  and  in  or¬ 
der  to  reach  the  earth  the  projectile  would  only  require,  un¬ 
der  the  most  favourable  circumstances,  to  have  a  velocity  of 
about  8300  feet.  Such  a  velocity,  which  is  only  about  four 
or  five  times  greater  than  that  of  a  cannon-ball,  is  quite  con¬ 
ceivable  ;  but  the  extraordinary  exhibitions  of  1799  and  1833, 
to  say  nothing  of  their  supposed  periodicity,  is  utterly  irre¬ 
concilable  with  the  theory  of  a  lunar  origin.  Benzenberg, 
however,  adopts  this  theory,  and  supposes  the  shooting-stars 
to  be  small  masses  of  stone,  from  one  to  five  feet  in  diameter, 
which  are  projected  from  lunar  volcanoes,  and  circulate  about 
the  earth  or  about  the  sun  when  their  projectile  velocity  ex¬ 
ceeds  a  certain  limit. 

2.  Dr  Olbers,  and  some  other  astronomers,  have  supposed 
the  shooting-stars  to  be  the  debris,  or  fragments  of  a  large 
planet,  burst  into  pieces  by  some  internal  explosion,  of  which 
Ceres,  Pallas,  Juno,  and  Vesta,  are  the  principal  remaining 
portions.  The  smaller  fragments  continue  to  circulate  about 
the  sun  in  orbits  of  great  eccentricity,  and  when  they  ap- 
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proach  the  region  of  space  through  which  the  earth  is  moving, 
they  enter  thejatmosphere  with  great  velocity,  and  by  reason 
of  the  resistance  and  friction  are  rendered  incandescent,  and 
emit  a  vivid  light  so  long  as  they  remain  within  it. 

3.  It  has  been  suggested  by  Biot  that  the  extraordinary 
displays  observed  in  November  may  be  explained  by  suppos¬ 
ing  the  meteors  to  have  their  origin  in  the  zodiacal  light. 
The  extent  of  this  lens-shaped  nebulosity  is  not  well  ascer¬ 
tained  ;  but  as  the  plane  of  its  principal  section  is  not  parallel 
to  the  ecliptic,  if  the  earth  passes  through  it  at  one  season,  it 
must  be  remote  from  it  at  another.  But  shooting-stars  are 
observed  at  all  times  of  the  year ;  and  the  November  meteors 
differ  from  those  of  other  seasons  in  no  respect  excepting  in 
their  greater  multitude. 

4.  The  hypothesis  first  suggested  by  Chladni  is  that  which 
appears  to  have  met  with  most  favour,  having  been  adopted 
by  Arago  and  other  eminent  astronomers  of  the  present  day 
to  explain  the  November  phenomena.  It  consists  in  suppos¬ 
ing  that,  independently  of  the  great  planets,  there  exist  in 
the  planetary  regions  myriads  of  small  bodies  which  circulate 
about  the  sun,  generally  in  groups  or  zones,  and  that  one  of 
these  zones  intersects  the  ecliptic  about  the  place  through 
which  the  earth  passes  in  November.  The  principal  difficul¬ 
ties  attending  this  theory  arc  the  following  : — First,  that 
bodies  moving  in  groups  in  the  circumstances  supposed  must 
necessarily  move  in  the  same  direction,  and  consequently 
when  they  become  visible  from  the  earth,  would  all  appear  to 
emanate  from  one  point  and  move  towards  the  opposite.  Now 
although  the  observations  seem  to  shew  that  the  predominat¬ 
ing  direction  is  from  north-east  to  south-west,  yet  shooting- 
stars  are  observed  on  the  same  nights  to  emanate  from  all 
points  of  the  heavens,  and  to  move  in  all  possible  directions. 
Secondly,  their  average  velocity  (especially  as  determined  by 
^Va^tmann)  greatly  exceeds  that  which  any  body  circulating 
about  the  sun  can  have  at  the  distance  of  the  earth.  Thirdly, 
from  their  appearance  and  the  luminous  train  which  they  ge¬ 
nerally  leave  behind  them,  and  which  often  remains  visible  for 
several  seconds,  sometimes  for  whole  minutes,  and  also  from 
their  being  situate  within  the  earth’s  shadow,  and  at  heights 
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far  exceeding  those  at  which  the  atmosphere  can  he  supposed 
capable  of  supporting  combustion,  it  is  manifest  that  their 
light  is  not  reflected  from  the  sun ;  they  must  therefore  be 
self-luminous,  which  is  contrary  to  every  analogy  of  the  solar 
system.  Fourthly,  if  masses  of  solid  matter  approach  so  near 
the  earth  as  many  of  the  shooting-stars  do,  some  of  them 
would  inevitably  be  attracted  to  it ;  but  of  the  thousands  of 
shooting-stars  which  have  been  observed,  there  is  no  authen¬ 
ticated  instance  of  any  one  having  actually  reached  the  earth. 
Fifthly,  instead  of  the  meteors  being  attracted  to  the  earth, 
some  of  them  are  observed  actually  to  rise  upwards,  and  to 
describe  orbits  which  are  convex  towards  the  earth ;  a  cir¬ 
cumstance  of  which,  on  the  present  hypothesis,  it  seems  dif¬ 
ficult  to  give  any  rational  explanation. 

The  most  recent  hypothesis  is  that  of  Capocci  of  Naples, 
who  regards  the  aurora  borealis,  shooting-stars,  aerolites,  and 
comets,  as  having  all  the  same  origin,  and  as  resulting  from 
the  aggregation  of  cosmical  atoms,  brought  into  union  by  mag¬ 
netic  attraction.  He  supposes  that  in  the  planetary  spaees 
there  exist  bands  or  zones  of  nebulous  particles,  more  or  less 
fine,  and  endued  with  magnetic  forces,  which  the  earth  tra¬ 
verses  in  its  annual  revolution ;  that  the  smallest  and  most 
impalpable  of  these  particles  are  occasionally  ])recipitated  on 
the  magnetic  poles  of  our  globe,  and  form  polar  auroras  ;  that 
the  particles  a  degree  larger,  in  which  the  force  of  gravitation 
begins  to  bo  manifested,  are  attracted  by  the  earth  and  appear 
as  shooting-stars ;  that  the  particles  in  a  more  advanced  state 
of  concretion  give  rise  in  like  manner  to  the  phenomena  of 
fire-balls,  aerolites,  &c. ;  that  the  comets,  which  are  known  to 
have  very  small  masses,  are  nothing  else  than  the  largest  of 
the  aerolites,  or  rather  uranolites,  which  in  course  of  time  col¬ 
lect  a  sufficient  quantity  of  matter  to  be  visible  from  the  earth. 
This  tiieory  of  Capocci  differs  from  Chladni’s  only  by  the  in¬ 
troduction  of  magnetic  forces  among  the  particles,  and  it  is 
obvious  that  all  the  objections  to  the  former  theory  apply  with 
equal  force  to  this.  It  may  be  remarked,  however,  that  some 
physical  connexion  between  the  phenomena  of  shooting-stars 
and  the  aurora  had  been  already  suspected,  and  the  observations 
adduced  by  M.  Quetelet  afford  reason  to  suppose  that  the  lat¬ 
ter  phenomenon  is  also  periodical. 
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From  the  difficulties  attending  every  hypothesis  which  has 
hitherto  been  proposed,  it  may  be  inferred  how  very  little  real 
knowledge  has  yet  been  obtained  respecting  the  nature  of  the 
shooting-stars.  It  is  certain  that  they  appear  at  great  alti¬ 
tudes  above  the  earth,  and  that  they  move  with  prodigious 
velocity  ;  but  everything  else  respecting  them  is  involved  in 
profound  mystery.  From  the  whole  of  the  fects  M.  Wartmann 
thinks  that  the  most  rational  conclusion  we  can  adopt  is,  that 
the  meteors  probably  owe  their  origin  to  the  disengagement  of 
electricity,  or  of  some  analogous  matter,  which  takes  place  in 
the  celestial  regions  on  every  occasion  in  which  the  conditions 
necessary  for  the  production  of  the  phenomena  arc  renewed. 

Attempts  to  deduce  differences  of  Longitude  from  the  Obser¬ 
vation  of  Falling  Stars. — The  concluding  part  of  the  paper  con¬ 
tains  an  account  of  the  different  attempts  which  have  been 
made  to  deduce  differences  of  longitude  from  the  observation 
of  shooting- stars.  That  meteors  which  appear  and  are  extin¬ 
guished  so  suddenly,  and  which,  by  reason  of  their  great  alti¬ 
tude  and  brilliancy,  arc  visible  over  considerable  portions  of  the 
earth’s  surface,  would  afford  excellent  natural  signals,  provided 
they  could  be  identified  with  certainty,  was  an  obvious  thought ; 
but  so  long  as  they  were  regarded  merely  as  casual  pheno¬ 
mena,  it  could  scarcely  be  hoped  that  they  would  be  of  much 
use,  in  this  respect,  to  practical  astronomy.  As  soon,  however, 
as  their  periodicity  became  probable,  the  observation  of  the 
phenomena  acquired  a  new  interest.  In  observing  the  me¬ 
teors  for  this  purpose,  it  is  assumed  that  they  appear  instanta¬ 
neously  to  observers  stationed  at  a  distance  from  each  other, 
and  that  the  meteors  seen  by  different  observers  so  placed  are 
identically  the  same.  These  points  are  not  altogether  free 
from  uncertainty  ;  but  the  residts  of  the  trials  that  have  been 
already  made  may  be  regarded  as  favourable,  and  as  shewing 
that  among  the  other  methods  of  determining  astronomical 
positions,  the  observation  of  shooting-stars  is  not  to  be  disre¬ 
garded.  At  the  November  meeting  of  this  Society,  in  1830, 
an  account  was  given  of  Professor  Schumacher’s  observations 
at  Altona  on  the  night  of  the  10th  of  August  1838,  On  the 
same  night  corresponding  observations  were  made  at  several 
observatories  in  Gennany ;  but  those  at  Kreslaw  appear  to 
have  been  the  most  successful.  From  twelve  coincident  ob- 
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servations  at  Altona  and  Breslaw,  Professor  Boguslawski  com¬ 
puted  the  difference  of  longitude  of  the  two  places  to  be  28™ 
22s.07,  which  differs  less  than  a  second  from  that  which  had 
been  previously  adopted.  In  Silliman’s  American  Journal  for 
October  1840,  an  account  is  given  of  simultaneous  observa¬ 
tions  made  on  the  25th  of  November  1835,  at  Philadelphia,  and 
at  the  College  of  New  Jersey,  at  Princeton.  Seven  coinci¬ 
dences  were  observed,  and  the  mean  result  gave  a  longitude 
differing  only  ls.2  from  the  mean  of  other  determinations ;  the 
whole  difference  being  two  minutes.  This  appears  to  have 
been  the  first  actual  determination  of  a  difference  of  longitude 
by  meteoric  observ'ations.  In  the  corresponding  observations 
of  Wartmann  and  Rcynier  at  Geneva  and  Planchettcs,  the 
differences  of  longitude  deduced  from  three  of  the  meteors, 
which  were  attended  with  peculiarities  so  remarkable  as  to 
leave  no  doubt  of  their  identity,  were  respectively  2™,  2™  3% 
2™  5*,  whence  it  would  seem  that  a  single  observation  may  be 
in  error  to  the  amount  of  several  seconds  of  time.  In  the 
Jlibliothcque  Universelle  de  Ghiive  for  August  1840,  there  is 
given  an  account  of  the  determination  by  this  method  of  the 
difference  of  longitude  between  Rome  and  Naples.  The  cor¬ 
responding  observations  were  begun  in  November  1838,  and 
were  continued  at  intervals  under  the  direction  of  Father  Vico 
at  Rome,  and  of  Capocci  and  Nobili  at  Naples.  The  apparent 
paths  of  the  meteors  were  traced  on  a  celestial  globe,  and  the 
times  of  appearance  and  extinction  compared  with  clocks  regu¬ 
lated  by  astronomical  observations.  The  observed  times  of 
the  extinction  of  the  phenomena  presented  a  very  satisfactory 
agreement,  inasmuch  as  it  is  stated  that  there  was  in  general 
a  difference  of  only  a  few  tenths  of  a  second  of  time  between 
the  partial  results  for  a  difference  of  longitude  amounting  to 
7™  5*. 7.  The  merit  of  first  suggesting  the  use  of  shooting- 
stars  and  fire-balls  as  signals  for  the  determination  of  longi¬ 
tudes  is  claimed  by  Dr  Olbers  and  the  German  astronomers 
for  Benzenberg,  who  published  a  work  on  the  subject  in  1802. 
Mr  Baily,  however,  has  pointed  out  a  paper  published  by  Dr 
Maskelyne  twenty  years  previously,  in  which  tliat  illustrious 
astronomer  calls  attention  to  the  subject,  and  distinctly  points 
out  this  application  of  the  phenomena.  The  paper,  which  is 
printed  on  a  single  sheet,  is  entitled  “  A  plan  for  observing 
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the  Meteors  called  Fire-balls,  by  Nevil  Maskelyne,  D.D.,  F.R.S. 
and  Astronomer  Royal,”  and  is  dated  Greenwich,  November 
6.  1783.  After  recounting  some  observations,  from  which 
he  infers  that  such  meteors  appear  more  frequently  than  is 
commonly  imagined,  and  stating  the  particulars  to  be  attend¬ 
ed  to  in  observing  them,  he  adds  : — ”  It  would  be  well  if  those 
persons  who  happen  to  see  a  meteor  would  put  down  the  time 
by  their  watch  when  it  first  appeared,  or  was  at  its  greatest 
altitude,  or  burst,  or  disappeared,  and  again  when  they  heard 
the  sound :  and  as  common  watches  are  liable  to  vary  much  in 
a  few’  hours,  that  they  would,  as  soon  after  as  may  be,  find  the 
error  of  their  watch,  by  a  good  regulator ;  for,  if  the  exact  time 
could  be  had  at  different  places^  the  absolute  velocity  of  the  me¬ 
teor,  the  velocity  of  the  sound  propagated  to  us  from  the  higher 
regions  of  the  atmosphere,  and  the  longitudes  of  places,  might 
be  determined f 

On  the  Living  Lepresentatives  of  the  Microscopic  Animals  of 
the  Chalk-Formation.  By  M.  Ehrenberg. 

1.  Infusoria  of  Mexico  and  Peru. 

M.  Ehrenberg  communicated  to  the  Royal  Academy  of 
Sciences  of  Berlin,  at  its  sitting  on  2d  July  1810,  a  note  on  the 
remarkable  infusoria  living  in  the  seas  of  Mexico  and  Peru, 
W’hich  may  aid  the  problematical  explanation  of  the  fossil  forms 
of  the  chalk-formation. 

Notwithstanding  the  rich  materials  which  the  author  has 
already  collected  from  different  quarters  of  the  globe  of  mi¬ 
croscopic  forms  now  alive,  yet  such  of  those  out  of  Europe  as 
constitute,  properly  speaking,  genera,  are  still  extremely  rare. 
The  proper  generic  forms  he  l.as  had  an  opportunity  of  ob¬ 
serving,  whether  in  Africa  or  in  Asia,  have  for  the  most  part 
been  since  found  by  him  in  Europe  in  the  identical  species  ; 
and  it  is  very  possible  that  those  whose  tyjie  has  not  been 
again  met  with  may  have  continued  in  their  present  rank  only  in 
consequence  of  the  series  of  observations  being  incomplete, 
and  because  they  have  not  been  sought  after  with  sufficient 
care.  The  forms  recently  sent  from  Mexico  by  M.  Carl 
Ehrenberg,  hitherto  exhibit  only  European  genera  and  even 
European  species.  The  forms  of  Peru  were  unknown  when 
the  great  work  of  the  author  on  the  Infusoria  was  printed. 
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In  1 837,  M.  Camille  Montagne  of  Paris  described,  in  the  An¬ 
nates  des  Sciences  Naturelles,  a  century  of  new  cryptogamous 
plants,  and  among  these  two  microscopic  forms  accidentally 
found  on  the  marine  confervae  of  Callao  in  Peru,  one  by  M. 
d’Orbigny,  the  other  by  M.  du  Petit  Thouars  ;  he  named  the 
one  Achnanthes  pachppus,  the  other  Trochiscia  moniliformis. 
M.  Montagne  shewed  the  specimens  of  these  two  forms  to  M. 
Ehrenberg  when  in  Paris  in  1838,  and  the  latter  considered 
them  to  belong  to  the  liacillariees.  He  thought  that  the  Tro^ 
chiscia  rather  belonged  to  the  genus  Meloseira  Agardh  {Gal- 
lionella),  and  designated  it  by  the  name  of  moniliformis. 

At  all  events,  these  two  forms  are  different  from  those  of 
Europe.  The  Achnanthes  pachypus  is  a  distinct  species  of 
this  genus,  very  nearly  related  to  A.  subsessilis.  The  form  of 
the  Trochiscia  or  Meloseira  is  moi'e  remarkable.  It  possesses 
a  character  which  raises  it  to  the  rank  of  a  particular  genus, 
and  it  is  the  first  extra  European  genus  which  has  been  well 
determined.  Its  form  is  that  of  a  Gallionella  with  a  pedicel 
like  the  Achnanthes.  It  is  to  the  Gallionella  what  Lynedra 
is  to  Navicula,  or  what  Podosphenia,  Gomphonema,  or  Echi- 
nella  are  to  Meriodon,  or  rather  Cocconema  to  Eunotia,  Sten- 
tor  and  Trichodina  to  Vorticella,  and  Epistylis  or  finally  Eu- 
glena  to  Colacium.  In  fact,  it  is  necessary  to  unite  all  the 
genera  with  a  pedicel  to  those  deprived  of  this  organ  which 
approach  them,  if  it  be  not  thought  that  the  characters  of  the 
form  of  Peru  are  sufficient  to  constitute  a  new  genus.  But  if 
this  distinction  is  made,  this  form,  the  first  extra-European 
one  which  shall  have  been  definitively  characterized,  will  take 
the  generic  name  of  Podosira  moniliformis. 

A  more  attentive  examination  of  the  small  branch  of  Poly- 
siphonia  dendroidea  on  the  alga  of  Callao  to  which  the  Podo¬ 
sira  was  attached,  has  afforded  facts  of  even  greater  interest 
in  a  scientific  point  of  view.  W e  have  there  found  two  hitherto 
unknown  forms  of  Bacillariees.  One  of  these  has  all  the  ap¬ 
pearance  of  Tabellaria  vulgaris  {Pacillaria  vulgaris),  but  it  is 
divided  in  tlie  interior  by  two  partitions  or  curved  folds  ac¬ 
cording  to  the  length  of  each  distinct  aciculus  in  their  cham¬ 
bers  or  cavities.  This  structure  of  distinct  aciculi  throws 
some  light  over  that  of  the  same  bodies  in  the  chalk-marl  of 
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Oran,  which  M.  Ehrenberg  had  considered  as  but  little  dis¬ 
tinct  in  a  species  of  the  genus  Navicula,  which  was  distin¬ 
guished  by  a  kind  of  internal  folds,  and  which  he  has  de¬ 
scribed  in  his  preceding  communications  under  the  name  of 
N.  Afrlcana^  considering  it  at  the  same  time  as  character¬ 
istic  of  the  chalk-formation. 

The  examination  of  the  living  form  has  shewn  that  this 
Navicula,  which  seemed  to  deviate  widely  from  the  genera 
now  existing,  is  related  to  one  nearly  allied  to  those  now  liv¬ 
ing,  and  in  which  the  distinct  aciculi,  in  consequence  of  an 
imperfect  division,  present  zig-zag  bands.  The  three  cham¬ 
bers  in  the  living  animalcula  are  occupied  by  three  greenish 
corneous  cavities  or  discs  which  have  been  regarded  as  the 
ovaries  in  all  the  family.  The  middle  of  the  body,  as  in  Ta- 
bellaria,  is  occupied  by  a  hollow  transverse  tube,  the  openings 
of  which  appear  in  every  respect  similar  to  the  two  medial 
openings  of  Navicula ;  but  their  functions  do  not  appear  to  be 
the  same,  since  these  openings  are  not  free,  but  rather  fitted 
closely  to  the  similar  openings  in  the  allied  animal. 

This  imperfect  distinction  of  the  individuals,  the  develop¬ 
ment  in  the  shape  of  -n  ribbon,  as  well  as  the  necessarily  dif¬ 
ferent  position  of  the  alimentary  openings  in  the  forms  of  the 
marl  when  compared  with  the  Naviculm,  completely  separate 
them  from  these,  in  like  manner  as  the  subdivision  of  the  in¬ 
terior  chambers  removes  them  from  the  Tabellarim.  They 
thus  form  a  particular  generic  group,  which  is  completely  dis¬ 
tinct  from  European  forms.  This  second  new  genus  has  been 
named  Grammatophora,  and  the  species  G.  oceanica. 

The  apparent  identity  of  the  fossil  N.  Africana  with  the 
Grammatophora  oceanica  extends  only  to  the  genus  and  not  to 
the  species,  since  an  alga  found  at  Vera  Cruz  by  M.  Carl 
Ehrenberg,  and  which  has  quite  recently  come  to  hand,  has 
furnished  two  other  forms  very  nearly  allied  to  this  genus, 
which  have  been  distinguished  by  the  names  G,  Mexicana  and 
G.  undulata.  The  partitions  in  these  forms  often  present  the 
figure  of  a  point  of  interrogation. 

An  example  of  Coscino-discus  ezcentricua  has  likewise  been 
found  on  a  Mexican  alga,  and  there,  as  at  Cuxhaven,  it  lives 
in  the  sea,  and  its  fossil  coverings  have  also  been  discovered 
in  the  chalk-marl  of  Oran  in  Africa. 
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A  seventh  form,  the  fourth  new  one  from  Peru  with  which 
we  are  acquainted,  is  a  Cocconeis,  found  adhering  to  the 
branchlets  of  the  Polysiphonia.  It  has  a  strong  resemblance 
to  C.  undulata  of  the  Baltic  Sea,  but  is  specifically  different. 
It  may  be  named  C.  oceanica. 

M.  Ehrenberg  also  read  a  notice  on  the  discovery  of  polir^ 
schiefer  belonging  to  the  black  dusodile  of  Geistinger-Wald, 
and  on  its  nature  as  an  infusorial  slate. 

The  author  has  shewn,  partly  before  the  Society  of  Na¬ 
turalists  at  Berlin,  and  partly  in  the  Annalen  der  Physik  und 
Chemie  of  1839,  that  the  yellow  mineral  species,  known  by  the 
name  of  dusodile,  appears,  on  microscopic  analysis,  as  a  poUr- 
schiefer,  composed  of  the  shells  or  coverings  of  infusoria  im¬ 
pregnated  with  bitumen,  and  that  what  is  called  foliated  and 
papyraceous  coal  is  nothing  else  than  black  dusodile.  It  was 
therefore  probable  that  in  deposits  of  dusodile,  particularly  to¬ 
wards  the  extremities,  the  polirschiefer  w'ould  be  found  unal¬ 
tered  and  not  penetrated  by  the  bitumen.  The  researches  of 
the  author,  in  reference  to  this  point,  have  not  hitherto  been 
successful ;  but  a  letter  lately  sent  to  him  by  M.  Steininger 
of  Treves,  the  author  of  valuable  works  on  the  volcanos  of 
the  Rhine,  informs  him  that  in  a  mine  of  Geistinger-Wald 
he  found,  under  lignite,  a  quantity  of  papyraceous  coal,  polir- 
schiefer,  and  a  kind  of  adhesive  slate,  and  that  he  had  al¬ 
ready  published  this  fact  in  1821  in  his  work  entitled  Mate- 
riaux  pour  sercir  d  PHistoire  des  Volcans  du  Phin,  page  43. 
The  new  researches  of  the  author  on  infasorial  slate  have  de¬ 
termined  M.  Steininger  to  examine  his  assertions  afresh,  and 
transmit  specimens  to  Berlin.  It  follows  from  the  examina¬ 
tion  of  the  latter,  that  there  are  polirschiefers  adjoining  the 
dusodile  of  Geistinger-Wald  (papyraceous  coal)  which  have 
produced  the  deposit  of  Infusoria,  which,  by  the  penetration 
of  bitumen,  has  been  transformed  into  papyraceous  coal  or 
black  dusodile. 

The  principal  forms  of  the  siliceous  coverings  which  com¬ 
pose  the  mass  are,  Gallionellae  of  very  different  sizes,  perhaps 
the  different  states  of  development  of  O.  varians,  among  which 
are  deposited  five  species  of  Naviculae,  among  others  N.  fulva, 
and  a  very  large  pcdicellated  form,  designated  by  the  name  of 
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N.  carinata.  We  likewise  distinguish  a  form  very  nearly  re¬ 
lated  to  Fragillaria  diophthabna^  and  great  numbers  of  another 
almost  identical  with  Gomphonema  gracile.  Of  the  eight 
forms  which  have  been  recognised,  four  evidently  belong  to 
those  of  fresh  water  and  the  present  era.  They  are  not  smooth 
on  the  surface,  full  in  the  interior,  resembling  stony  micro¬ 
scopical  nuclei,  just  as  we  often  find  in  shells,  but  very  rarely 
among  the  Infusoria. 

The  author  has  placed  before  the  Society  drawings  of  the 
American  forms  and  those  of  Geistinger-Wald,  as  w'ell  as  spe¬ 
cimens  of  polirschiefer  sent  to  him  by  M.  Steininger. 

Diagnosis  of  New  American  forms. 

Podosira,  new  genus. 

Character  of  tlie  genus :  animal  belonging  to  the  family  of  the  Bacil- 
larii  possessing  the  characters  of  Gullionella,  but  supported  by  a  pe¬ 
dicel. 

P.  moniliformis,  Trochiscia  moniliformis  Montague  1837,  corpuscles 
globose,  separate,  very  finely  punctate;  the  ovaries  vesicular,  green¬ 
ish.  Du  Petit  Thouars  found  it  at  Callao  on  the  Callithamnius 
floccosus  and  Polysiphonia  dendroidea,  and  it  was  first  detected 
by  Montagne  on  specimens  of  these  transmitted  to  him. 
Grammntophora,  new  genus. 

Character  of  the  genus :  animal  belonging  to  the  family  of  the  Bacil- 
larii,  possessing  the  external  characters  of  Tabellaria,  but  divided 
into  three  longitudinah  compartments  by  two  internal  folds  oftep 
curved  in  various  directions. 

G.  oceanica  ;  bacilli  quadrate  or  oblong ;  the  middle  laterally  turgid ; 
gradually  attenuated,  at  both  ends,  and  obtuse ;  the  ovary  trilobed 
on  both  sides  and  green.  Gathered  alive  along  with  the  former 
by  Du  Petit  Thouars  on  the  algae  of  the  Peruvian  seas  at  Callao. 
G.  Mexicana,  bacilli  quadrate,  or  oblong ;  the  centre  equal  on  the 
sides ;  both  ends  suddenly  decreasing  and  obtuse.  Found  in  a 
living  state  by  Charles  Ehrenberg  on  the  algae  of  the  Mexican 
ocean  at  Vera  Cruz. 

<T.  undulata,  bacilli  quadrate  or  oblong ;  laterally  moniliform,  un¬ 
dulated,  four  times  constricted,  hence  five-jointed ;  the  apices 
obtuse.  Found  alive  by  C.  Ehrenberg  in  the  same  place  as  the 
preceding. 

The  fossil  species  which  is  found  in  the  cretaceous  deposits  at  Oran,  in 
Africa,  and  formerly  named  Navicula  Africana,  now  G.  Africana, 
differs  in  the  following  characters :  bacilli  oblong,  scarcely  turgid  in 
the  middle,  and  very  obtuse  at  the  apex.  It  is  now  very  likely  that 
Jfavicula  JBacillum  should  be  referred  to  the  genus  Tabularia. 
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Cocconeis  oceanica,  new  species. 

Shell  elliptical,  suborbiciilar,  convex  and  very  smooth  on  the  back ; 
marked  exteriorly  with  simply  curved  concentric  lines ;  not  undulated 
nor  transversely  striated.  Found  at  Callao  by  M.  du  Petit  Tbouars. 

II.  Microscopic  Animals  of  the  North  Sea. 

At  the  meeting  of  the  Royal  Academy  of  Sciences  of  Ber¬ 
lin  of  the  13th  August  1840,  M.  Ehrenberg  communicated  the 
continuation  of  his  researches  on  the  numerous  microscopic 
animals  of  the  chalk-formation  which  are  still  found  alive. 

By  the  kind  assistance  of  M.  Berzelius,  the  author  had  re¬ 
ceived  some  fresh  sea-mud  from  the  coast  of  Sweden,  which 
Bishop  Eckstroem  of  Gothenburg  had  obtained  for  the  pur¬ 
pose  from  the  Island  of  Tjoern  in  the  Cattegat.  This  mud 
proved  to  be  extremely  rich  in  new  and  interesting  microsco¬ 
pic  animals.  There  are  no  less  than  twelve  living  species 
which  are  of  importance  in  a  scientific  point  of  view,  and  whose 
siliceous  coverings  were  only  known  in  a  fossil  state  in  the 
chalk-marls  of  Caltanisetta  in  Sicily,  and  of  Oran  in  Africa  ; 
so  that  the  number  of  species  belonging  to  the  chalk  which 
arc  found  in  a  living  state,  is  about  doubled.  A  very  inte¬ 
resting  fact  is,  the  existence  in  a  living  state  of  the  Gramma- 
tophora  (formerly  Navicula)  Africana,  vvhich  has  hitherto  been 
known  only  as  a  fossil  of  the  marls  of  Oran  ;  and  also  that  of 
the  oceanica,  lately  brought  from  Callao  in  Peru,  and  which 
had  previously  been  only  met  with  in  the  marls  of  Gi'cece. 
M.  Ehrenberg  has  likewise  discovered  in  the  waters  of  the 
Cattegat  a  prismatic  siliceous  infusory  fonn,  which  would  be¬ 
long  to  the  genus  Siaurastrum,  if  it  could  be  placed  in  the 
subdivision  of  infusory  animals  having  a  soft  carapace  ;  and 
which,  moreover,  is  distinguished  by  four  large  openings  at 
the  four  angles.  It  is  proposed  to  form  it  into  a  new  genus, 
and  to  give  it  the  name  of  Amphiletras  antediluviana.  There 
was  likewise  found  among  the  living  infusory  forms  occurring  in 
the  North  Sea,  one  which  is  quite  like  the  Dictjiocha  speculum, 
but  spinous  like  the  Dictyocha  aculeata  of  Sicily.  Finally,  M. 
Ehrenberg  met  with  a  scries  of  eight  species  of  the  genus  Ac- 
tinocyclus,  and  of  the  radiated  division  without  partitions 
which  form  the  great  mass  of  the  siliceous  portion  of  the  chalk- 
marls  of  Caltanisetta,  and  still  more  of  Oran,  and  which  are 
well  characterized  by  the  number  cf  their  rays.  He  detected 

L _ 


lii 


402  On  the  Microscopic  animaja  of  the  North  Sea. 

species  with  6,  7,  8,  9, 10,  11,  12,  and  15  rays,  and  which  are 
designated  Actinocyclus  bitemarius  (with  the  senarius,  which  is 
also  found),  A.  septenarius,  A.  octonarius,  A.  nonarius,  A.  den¬ 
arius,  A.  undenarius,  A.  bisenarius  (not  duodenarius),  and  A. 
quindenarius.  Of  the  whole  of  this  subdivision,  there  were 
no  living  forms  previously  knoum,  so  that  the  members  of  it 
were  supposed  to  characterize  the  chalk-marl  of  the  ancient 
world,  which  is,  therefore,  now  disproved.  All  these  forms 
are  polygastric  infusoria  of  the  family  liacillaria. 

M.  Ehrenberg  has  likewise  found  in  a  living  state,  in  the 
water  near  Cuxhaven,  which  he  examined  with  care  about  a 
year  ago,  three  calcareous  Polythalamias  of  the  chalk,  and 
two  siliceous  infusory  animals  of  the  chalk-marl.  These  are 
Botalia  globulosa.  If.  perforata,  Textilaria  globulosa,  Gallionella 
sulcata,  and  Navicula  didgmus. 

To  these  seventeen  forms  of  the  present  world,  and  of  the 
chalk-formation,  are  to  be  added  two  other  siliceous  infusory 
which  occur  alive  in  the  seas  of  the  North,  and  which  have 
lately  been  detected  in  the  chalk-marl,  viz.,  Striatella  arcuata, 
and  Tesella  catena. 

The  above  nineteen  forms  of  the  chalk,  and  which  are  new 
as  recent  ones,  together  with  those  announced  in  October  1839 
and  June  1840,  make  the  number  of  genera  of  these  animal¬ 
cules  twenty-one,  and  of  species  forty,  partly  polythalamias  and 
partly  infusory  animals,  which  are  common  to  the  present 
world  and  the  chalk-formation.  Anatomical  preparations  or 
drawings  of  all  these  forms  were  submitted  to  the  Academy. 

Notice  regarding  a  cheap  and  easily  used  Camera  Lucida,  ap¬ 
plicable  to  the  delineation  of  Flowers  and  other  small  objects. 
By  Sir  Johk  Robison,  K.  H.,  F.R.S.E.,  M.S.A.  Commu¬ 
nicated  by  the  Society  of  Arts  for  Scotland.* 

March  13. 1841. 

Dear  Sir, — In  compliance  with  the  wish  expressed  at  the 
late  meeting  of  the  Society  of  Arts,  I  beg  to  send  you  a  de¬ 
scription  and  sketch  of  the  Camera  Lucida  which  I  then  exhi¬ 
bited.  I  again  repeat,  that  its  applicability  to  the  delineation 
of  objects  is  confined  to  such  as  are  of  small  size,  and  as  may 
be  laid  beside  it  on  the  drawing  board.  It  is  in  this  way  par- 

*  Exliibited  to  tko  Society  of  Axis,  8th  March  1841. 
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ticularly  calculated  for  the  accurate  representation  of  botani¬ 
cal  specimens,  which  it  will  render  in  their  true  proportions, 
without  trouble  in  adjustments.  The  disadvantage  of  the 
limited  range  of  this  instrument  is  in  some  measure  compen¬ 
sated  by  the  facility  of  its  application  and  by  its  cheapness  and 
simplicity. — I  am,  dear  Sir,  very  truly  yours, 

Jamks  Tod,  Esq.  JoHN  RoBiSON. 

Sec.  Soc.  Arts. 


The  figure  represents  a  piece  of  thin  plate-glass  A  D  E  F 
set  upright  on  a  drawing-board  by  means  of  the  wooden  stand¬ 
ard  A  B  C,  in  a  groove  in  which  the  edge  of  the  plate  is  re¬ 
tained  by  the  wedges  G  and  H.* 

To  use  this  apparatus  it  is  placed  in  front  of  the  artist,  with 
the  standard  ABC  towards  him ;  the  object  to  be  copied  is 
laid  on  the  left  hand  side  of  the  plate,  as  at  O  :  the  head  of 
the  observer  being  also  a  little  to  the  left  of  the  pillar,  and 
the  eye  directed  towards  the  middle  of  the  plate  as  at  M,  a 
distinct  image  of  the  object  O  will  be  perceived  as  if  it  lay  on 
the  paper  at  P  ;  and  as  at  the  same  time  a  pencil  held  on  the 
right  hand  side  of  the  plate  will  be  equally  visible,  it  may  be 
applied  to  trace  the  image  at  F. 

*  The  wooden  standard  h  not  fixed  to  the  drawing-board,  and  may  bo  sot 
on  it  in  any  convenient  position. 
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ObservatioM  on  Terra  del  Fuego* 

Species  of  Fungus  used  as  a  staple  article  of  Food. — There  is  one  vegetable 
production  in  this  countrj,  which  is  worthy  of  mention,  as  it  affords  a 
staple  article  of  food  to  the  aborigines.  It  is  a  globular  fungus,  of  a 
bright  yellow  colour,  and  of  about  the  size  of  a  small  apple,  whieh  ad¬ 
heres,  in  vast  numbers,  to  the  bark  of  the  beech-trees.  It  probably 
forms  a  new  genus,  allied  to  the  morell.  In  the  young  state,  it  is  elas¬ 
tic  and  turgid,  from  being  charged  with  moisture.  The  external  skin  is 
smooth,  yet  slightly  marked  with  small  circular  pits,  like  those  from 
the  small-pox.  When  cut  in  two,  the  inside  is  seen  to  consist  of  a  white 
fleshy  substance,  which,  viewed  under  a  high  power,  resembles,  from 
the  numerous  thread-like  cylinders,  vermicelli.  Close  beneath  the  sur¬ 
face,  cup-shaped  balls,  about  one-twelfth  of  an  inch  in  diameter,  are 
arranged  at  regular  intervals.  These  cups  are  filled  with  a  slightly  ad¬ 
hesive,  yet  elastic,  colourless,  quite  transparent  matter ;  and  from  the 
latter  character,  they  at  first  appeared  empty.  These  little  gelatinous 
balls  could  be  easily  detached  from  the  surrounding  mass,  except  at  the 
upper  extremity,  where  the  edge  divided  itself  into  threads,  which 
mingled  with  the  rest  of  the  vermicelli-like  mass.  The  external  skin  di¬ 
rectly  above  each  of  the  balls  is  pitted,  and  as  the  fungus  grows  old,  it 
is  ruptured,  and  the  gelatinous  mass,  which  no  doubt  contains  the  spo- 
rules,  is  disseminated.  After  this  process  of  fructification  has  taken  place, 
the  whole  surface  becomes  honey-combed,  with  empty  cells,  and  the 
fungus  shrinks,  and  grows  tougher.  In  this  state  it  is  eaten  by  the 
Fuegians,  in  large  quantities,  uncooked,  and  when  well  chewed,  has  a 
mucilaginous  and  slightly  sweet  taste,  together  with  a  faint  odour  like 
that  of  a  mushroom.  Excepting  a  few  berries  of  a  dwarf  arbutus,  which 
need  hardly  be  taken  into  the  account,  these  poor  savages  never  eat  any 
other  vegetable  food  besides  this  fungust. 

Forests. — I  have  already  mentioned  the  sombre  and  dull  character 
of  the  forests,^  in  which  two  or  three  species  of  trees  grow,  to  the  ex¬ 
clusion  of  all  others.  Above  the  forest  land  there  arc  many  dwarf 


*  From  Mr  Darwin’s  valuable  and  interesting  “  J oumal  and  Remarks 
made  during  the  Exploratory  Expedition  of  the  Adventure  and  Beagle.” 
London,  Colbtim.  1839. 

t  In  New  Zeal.ind,  before  the  introduction  of  the  potato,  the  root  of  the 
fern  was  consumed  in  large  quantities.  At  the  present  day,  I  should  think 
Terra  del  Fuego  was  the  only  country  in  the  world  where  a  cryptogamic  plant 
afforded  a  staple  article  of  food. 

t  Captain  Fit^roy  informs  me,  that  in  April  (our  October),  the  leaves  of 
those  trees  which  grow  near  the  base  of  the  mountains  change  colour,  but 
not  those  in  the  more  elevated  parts.  I  remember  having  read  some  obscr- 
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alpine  plants,  •which  all  spring  from  the  mass  of  peat,  and  help  to  com¬ 
pose  it.  The  central  part  of  Terra  del  Fuego,  where  the  clay-slate  for¬ 
mation  occurs,  is  most  favourable  to  the  growth  of  trees ;  on  the  outer 
coast,  the  poorer  granitic  soil,  and  a  situation  more  exposed  to  the  vio¬ 
lent  winds,  do  not  allow  of  their  attaining  any  great  size.  Near  Port 
Famine  I  have  seen  more  large  trees  than  any  where  else:  I  measured 
a  Winter’s-bark,  which  was  four  feet  six  inches  in  girth,  and  several  of 
the  beech  were  thirteen  feet.  Captain  King  also  mentions  one  of  the 
latter,  which  was  seven  feet  in  diameter  seventeen  feet  above  the  roots. 

f  Zoology.— The  zoology  of  Terra  del  Fuego,  as  might  have  been  ex¬ 
pected  from  the  nature  of  its  climate  and  vegetation,  is  very  poor.  Of 
mammalia,  besides  Cetacea  and  Fhoea,  there  is  one  bat,  a  mouse  with 
grooved  front-teeth  (Reithrodon  of  Waterhouse),  a  fox,  sea-otter,  guanaco, 
and  one  deer.  The  latter  animal  is  rare,  and  is  not,  I  believe,  to  be  found 
south  of  the  Straits  of  Magellan,  as  happens  with  the  others.  Obser^  ing 
the  general  correspondence  of  tho  clilTs  of  soft  sandstone,  mud,  and 
shingle,  on  the  opposite  sides  of  the  Strait,  together  with  those  on  some 
intervening  islands,  one  is  strongly  tempted  to  believe  that  the  land  was 
once  joined,  and  thus  allowed  animals  so  delicate  and  helpless  as  the  tu- 
cutuco  and  rcithrodon  to  pass  over.  The  correspondence  of  the  cliiTs  is 
far  from  proving  any  junction ;  because  such  cliffs  generally  are  formed 
by  the  intersection  of  sloping  deposits,  which,  before  the  elevation  of  the 
land,  had  been  accumulated  near  the  then  existing  shores.  It  is,  how¬ 
ever,  a  remarkable  coincidence,  that,  in  the  two  large  islands  cut  off 
by  the  Beagle  Channel  from  the  rest  of  Terra  del  F uego,  one  has  cliffs 
composed  of  matter  tliat  may  be  called  stratified  alluvium,  which  front 
similar  ones  on  the  opposite  side  of  the  Channel,  while  the  other  is  ex¬ 
clusively  bordered  by  the  older  rocks ;  in  the  former,  called  Navarin 
Island,  both  foxes  and  guanacocs  occur ;  but  in  the  latter,  Hoste  Island, 
although  similar  in  every  respect,  and  only  separated  by  a  channel  a  little 
more  than  half  a  mile  wide,  I  have  tho  word  of  Jemmy  Button  for  saying 
that  neither  of  these  animals  are  found.  I  must  confess  to  an  exception 
to  the  rule,  in  the  presence  of  a  small  mouse,  of  a  species  occurring  like¬ 
wise  in  Patagoni.'i. 

The  gloomy  woods  arc  inhabited  by  few  birds  ;  occasionally  the  plain¬ 
tive  note  of  a  white-tufted  t^'rant-flycatchcr  may  be  heard,  concealed 
near  the  summit  of  the  most  lofty  trees ;  and  more  rarely  the  loud  strange 
cry  of  a  black  woodpecker,  with  a  fine  scarlet  crest  on  its  head.  A  little 
dusky-coloured  wren  (^Scytalopus  fuscus)  hops,  in  a  skulking  manner. 


vations  showing  that,  in  England,  the  leaves  fall  earlier  in  a  warm  and  fine 
autumn,  than  in  a  late  and  cold  one.  This  change  in  the  colour  being  re- 
taided  in  tho  more  elevated,  and,  therefore,  colder  situations,  must  be  owing 
to  the  same  general  law  of  vegetation.  Tho  trees  of  Terra  del  Fuego 
during  no  part  of  tho  year  entirely  shed  their  leaves. 
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among  the  entangled  mass  of  the  fallen  and  decaying  trunks.  But  the 
creeper  (^SyxallaxU  Tupinieri)  is  the  commonest  bird  in  the  country. 
Throughout  the  beech  forests,  high  up  and  lo\r  do\ni,  in  the  most  gloomy, 
wet,  and  impenetrable  ravines,  it  may  be  met  with.  This  little  bird,  no 
doubt,  appears  more  numerous  than  it  really  is,  from  its  habit  of  follow¬ 
ing,  with  seeming  curiosity,  any  person  who  enters  these  silent  woods ; 
continually  uttering  a  harsh  titter,  it  flutters  from  tree  to  tree,  within  a 
few  feet  of  the  intruder’s  face.  It  is  far  from  wishing  for  the  modest  con¬ 
cealment  of  the  tree-creeper  (Certhia  familiaris),  nor  docs  it,  like  that 
bird,  run  up  and  down  the  trunks  of  trees ;  but  industriously,  after  the 
manner  of  a  willow-wren,  hops  about,  and  searches  for  insects  on  every 
twig  and  branch.  In  the  more  open  parts,  three  or  four  species  of 
finches,  a  thrush,  a  starling  (or  Icterus),  two  Furnarii,  and  several  hawks 
and  owls,  occur. 

The  absence  of  any  species  whatever  in  the  whole  class  of  reptiles  is 
a  marked  feature  in  the  zoology  of  this  country,  as  well  as  in  that  of  the 
Falkland  Islands.  I  do  not  ground  this  statement  merely  on  my  own 
observation,  but  I  heard  it  from  the  Spanish  inhabitants  of  the  latter 
place,  and  from  Jemmy  Button,  with  regard  to  Terra  del  Fuego.  On  the 
banks  of  the  St  Cruz,  in  60°  south,  I  saw  a  frog ;  and  it  is  not  improbable 
that  these  animals,  as  well  as  lizards,  may  bo  found  as  far  south  as  the 
Straits  of  Magellan,  where  the  country  retains  the  character  of  Patagonia ; 
but  within  the  damp  and  cold  limit  not  one  occurs.  That  the  climate 
would  not  have  suited  some  of  the  orders,  such  as  lizards,  might  have 
been  foreseen ;  but  with  respect  to  frogs,  this  was  not  so  obvious. 

Coleopterous  insects  occur  in  very  small  quantities.  Until  I  had  en¬ 
deavoured  by  every  means  to  find  them,  I  could  not  believe,  that  a 
country  as  large  as  Scotland,  covered  with  vegetable  productions,  and 
with  a  variety  of  stations,  would  ever  have  been  so  unproductive.  The 
greater  part  of  my  small  collection  consists  of  alpine  insects  (Harpalidso 
and  Heteromera)  found  beneath  stones,  above  the  limit  of  the  forest. 
Lower  down,  with  the  exception  of  some  few  Curculiones,  scarcely  any 
could  be  found.  The  Chrysomelidso,  which  are  so  pre-eminently  cha¬ 
racteristic  of  the  Tropics,  are  here  almost  entirely  absent.*  This  must 
depend  on  the  climate ;  for  the  quantity  of  vegetable  matter  is  superflu¬ 
ously  great.  In  the  hottest  part  of  the  summer,  the  mean  of  the  maxi- 


*  I  believe  I  must  except  one  alpine  Haltica,  and  a  single  specimen  of  a 
Melasoma.  Mr  Waterhouse,  who  w'as  good  enough  to  look  at  my  collec¬ 
tion  from  this  place,  tells  me,  that  of  the  Harpalidse  there  are  eight  or  nine 
species — the  forms  of  the  greater  number  being  very  peculiar ;  of  Hetero¬ 
mera,  four  or  five  species ;  of  Bhyncophora  six  or  seven ;  and  of  the  follow¬ 
ing  families  one  species  in  each : — Staphylinidse,  Elateridse,  Cebrionidae, 
Melolonthidse.  The  species  in  the  other  orders  were  even  fewer.  In  all 
the  orders,  the  scarcity  of  the  individuals  was  even  more  remarkable  than 
that  of  the  species. 
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ma  for  thirtj-sevcn  successive  days  was  65%  and  the  thermometer  on 
some  of  the  days  rose  to  60° ;  yet  there  were  no  Orthoptera,  very  few 
Diptera,  Lepidoptera,  or  Hymenoptera.  In  tho  pools  of  water  I  found 
but  few  aquatic  beetles,  and  not  any  fresh-water  shells.  Succinea  at 
first  appears  an  exception ;  but  here  it  must  be  called  a  terrestrial  species, 
for  it  lives  on  the  damp  herbage  far  from  water.  Land-shells  could  only 
be  procured  in  the  same  situations  with  the  alpine  beetles.  I  have  al¬ 
ready  contrasted  the  climate,  as  well  as  the  general  appearance  of  Terra 
del  Fuego  with  that  of  Patagonia,  and  the  difference  is  strongly  exem¬ 
plified  in  the  entomology.  I  do  not  believe  that  they  have  a  species  in 
common ;  certainly  the  general  character  of  the  insects  is  widely  diffe¬ 
rent.  If  we  turn  from  the  land  to  the  sea,  wc  shall  find  the  Latter  as 
abundantly  stocked  vrith  living  creatures  as  tho  former  is  poorly  so.  In 
all  parts  of  the  world  a  rocky  and  partially  protected  shore  perhaps  sup¬ 
ports,  in  a  given  space,  a  greater  number  of  individual  animals  than  any 
other  kind  of  station.  Here,  under  every  stone,  numerous  crawling  crea¬ 
tures  swarmed,  and  especially  Crustacea  of  the  family  of  Cymothoadcs. 
The  number  of  Sphacroma  was  truly  wonderful :  as  these  animals,  when 
coiled  up,  have  some  resemblance  to  Trilobites,  they  were  an  interesting 
sight  to  a  geologist.  On  the  tidal  rocks  patclliform  shells  of  large  size 
were  very  abundant.  Even  at  the  depth  of  forty  or  fifty  fathoms,  the 
bottom  of  the  sea  was  far  from  steril,  as  was  shewn  by  the  abundance 
of  small  strong  corallines. 

Aquatic  Forestf  of  the  Southern  Hemisphere. — There  is  a  marine  produc¬ 
tion,  which  from  its  importance  is  worthy  of  a  particular  history.  It  is 
the  kelp  or  Fucut  giganteue  of  Solander.  This  plant  grows  on  every 
rock  from  low-water  mark  to  a  great  depth,  both  on  the  outer  coast 
and  within  the  channels.  I  believe,  during  the  voyages  of  the  Adven¬ 
ture  and  Beagle,  not  one  rock  near  the  surface  was  discovered  which  was 
not  buoyed  by  this  floating  weed.  The  good  service  it  thus  affords  to 
vessels  navigating  near  this  stormy  land  is  evident ;  and  it  certainly  has 
saved  many  a  one  from  being  wrecked.  I  know  few  things  more 
surprising  than  to  see  this  plant  growing  and  flourishing  amidst  those 
great  breakers  of  the  western  ocean,  which  no  mass  of  rock,  let  it  be  ever 
so  hard,  can  long  resist.  The  stem  is  round,  slimy,  and  smooth,  and 
seldom  has  a  diameter  of  so  much  as  an  inch.  A  few  taken  together  are 
sufficiently  strong  to  support  the  weight  of  the  large  loose  stones  to 
which  in  the  inland  channels  they  grow  attached ;  and  some  of  these 
stones  are  so  heavy,  that  when  drawn  to  the  surface  they  can  scarcely  be 
lifted  into  a  boat  by  one  person. 

Captiun  Cook,  in  his  second  voyage,  says,  that  at  Kerguelen  Land, 
«  some  of  this  weed  is  of  a  most  enormous  length,  though  the  stem  is  not 
much  thicker  than  a  man’s  thumb.  I  have  mentioned,  that  on  some  of 
the  shoals  upon  which  it  grows,  we  did  not  strike  ground  with  a  line  of 
twenty-four  fathoms.  The  depth  of  water,  therefore,  must  have  been 
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\CTj  great.  And  os  this  \recd  does  not'grow  in  a  perpendicular  dircc- 
tion^  but  makes  a  very  acute  angle  with  the  bottom,  and  much  of  it  af¬ 
terwards  spreads  many  fathoms  on  the  surface  of  the  sea,  I  am  well  war¬ 
ranted  to  say  that  some  of  it  grows  to  the  length  of  sixty  fathoms  and 
upwards."  Certainly  at  the  Falkland  Islands,  and  about  Terra  del  Fuego, 
extensive  beds  frequently  spring  up  from  ten  and  fifteen  fathom  water. 
I  do  not  suppose  the  stem  of  any  other  plant  attains  so  great  a  length  as 
360  feet,  as  stated  by  Captain  Cook.  Its  geographical  range  is  very  con¬ 
siderable  ;  it  is  found  from  the  extreme  southern  islets  near  Cape  Horn, 
as  far  north,  on  the  eastern  coast  (according  to  information  given  me  by 
Mr  Stokes)  as  lat.  43"’,  and  on  the  western  it  was  tolerably  abundant,  but 
far  from  luxuriant,  at  Chiloe,  in  lat.  42\  It  may  possibly  extend  a  little 
farther  northward,  but  is  soon  succeeded  by  a  dificrent  species.  We 
thus  have  a  range  of  fifteen  degrees  in  latitude ;  and  as  Cook,  who  must 
have  been  well  acquainted  with  the  species,  found  it  at  Kerguelen  Land, 
no  less  than  140°  in  longitude.  The  number  of  living  creatures  of  all 
orders,  whose  existence  intimately  depends  on  the  kelp,  is  wonderful. 
A  great  volume  might  be  written,  describing  the  inhabitants  of  one  of 
these  beds  of  sea-weed.  Almost  every  leaf,  excepting^ those  that  float  on 
the  surface,  is  so  thickly  incrusted  with  corallines,  as  to  be  of  a  white 
colour.  We  find  cxquisitcly-delicate  structures,  some  inhabited  by  simple 
hydra-like  polypi,  others  by  more  organized  kinds,  and  beautifully  com¬ 
pound  Ascidim."  On  the  flat  surfaces  of  the  leaves  various  patelliform 
shells,  Trochi,  uncovered  molluscs,  and  some  bivalves,  are  attached.  In¬ 
numerable  Crustacea  frequent  every  part  of  the  plant.  On  shaking  the 
great  entangled  roots,  a  pile  of  small  fish,  shells,  cuttle-fish,  crabs  of  all 
orders,  sea-eggs,  star-fish,  beautiful  Holuthuriaj(somc  taking  the  external 
forms  of  the  nudibranch  molluscs),  rianariro,  and  crawling  nereidous  ani¬ 
mals  of  a  multitude  of  forms,  all  fall  out  together.  In  Chiloe,  where,  as 
I  have  said,  tlie  kelp  did  not  thrive  very  well,  the  numerous  shells,  co¬ 
rallines,  and  Crustacea,  were  absent;  but  there  yet  remained  a  few  of  the 
flustraccra,  and  some  compound  Ascidim ;  the  latter,  however,  were  of 
different  species  from  those  in  Terra  del  Fuego.  We  here  see  the  fucus 
possessing  a  wider  range  than  the  animals  which  use  it  as  an  abode. 

I  can  only  compare  these  great  aquatic  forests  of  the  southern  hemi¬ 
sphere  with  the  terrestrial  ones  in  the  intcrtropical  regions.  Yet  if  the 
latter  should  be  destroyed  iu  any  country,  I  do  not  believe  nearly  so 
many  species  of  animals  would  perish,  as,  under  similar  circumstances, 
would  happen  with  the  kelp.  Amidst  the  leaves  of  this  plant  numerous 
species  of  fish  live,  which  nowhere  else  would  find  food  or  shelter ;  with 
their  destruction  the  many  cormorants,  divers,  and  other  fishing  birds, 
the  otters,  seals,  and  porpoises,  would  soon  perish  also  ;  and,  lastly,  the 
Fuegian  savage,  the  miserable  lord  of  this  miserable  land,  would  redouble 
his  cannibal  feast,  decrease  in  numbers,  and  perhaps  cease  to  exist. 

*  I  hivve  reason  to  believe  that  many  of  these  are  exclusively  confined  to 
this  station. 


Dr  Bouts  Itesearches  in  Geography^  Natural  History,  ^-c.  in 
the  European  Provinces  of  Turkey. 

AVe  are  happy  to  have  this  opportunity  of  bringing  before 
the  notice  of  our  readers  a  Avork  which,  both  from  the  inte¬ 
rest  attached  to  the  countries  treated  of,  and  from  the  dili¬ 
gence  and  research  which  it  evinces,  deserves,  we  think,  a  high 
rank  amongst  the  contributions  of  modern  travellers  and  na¬ 
turalists.  Its  author.  Dr  lloue,  is  one  of  the  most  laborious, 
and,  we  should  add,  the  most  disinterested  geologists  in  Europe. 

Without  being  connected  with  any  public  institution,  he  has 
devoted  his  life  and  fortune  for  the  last  twenty-live  years  to  ex¬ 
tensive  travels  through  every  part  of  Europe,  and  to  the  accu¬ 
mulation  of  every  kind  of  information  respecting  the  struc¬ 
ture  of  the  globe  which  he  could  obtain  from  books,  from  lec¬ 
tures,  or  from  personal  communication  Avith  those  similarly 
engaged. 

His  first  work  comprehended  the  fruits  of  his  labours  Avhilst 
a  student  at  Edinburgh,  and  Avas  entitled  “  Essai  Gtologique 
sur  PEcosse.”  It  is  still  considered  the  most  complete  ge¬ 
neral  view  of  the  geognosy  of  that  country  hitherto  published  ; 
and  Avhen  it  appeared,  Avas  highly  praised  by  Jameson,  his  in¬ 
structor  in  geology,  and  other  competent  judges.  He  after- 
Avards  published  a  great  variety  of  Memoirs  on  the  Geology 
of  France  and  Germany,  and  an  entire  volume  on  that  of  the 
latter  country,  in  consequence  of  which  services  to  seience,  he, 
some  years  ago,  was  chosen  President  of  the  Geological  So¬ 
ciety  of  France,  a  high  honour  for  one  Avho  Avas  not  a  French¬ 
man,  and  Avho  had  ever  kept  aloof  from  any  of  the  parties  and 
coteries  of  that  metropolis.  For  the  last  four  years  he  has 
been  employed  Avholly  in  the  investigation  of  the  provinces  of 
European  Turkey — a  strong  proof  of  his  zeal  for  science,  as 
his  private  means  are  too  limited  to  alloAV  of  his  purchasing 
those  comforts  which  could  alone  render  travelling  in  such  a 
country  endurable  to  persons  of  European  habits,  and  as  he 
has  never  derived  the  slightest  assistance  from  Government 
or  from  any  public  body. 

How  little  Avas  knoAvn  of  the  provinces  he  has  explored  may 
be  seen  from  the  very  meagre  account  given  of  them  in  the 
most  authentic  Avork  of  modern  geography,  that  of  Malte  Brim. 
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Those  travellers  who,  like  Quin,  passed  through  them  in 
their  way  to  Constantinople,  have  commonly  given  the  most 
vague  and  erroneous  accounts,  partly  from  having  hurried 
through  the  country,  and  partly  from  ignorance  of  the  lan¬ 
guages  there  current.  Dr  Boue,  on  the  contrary,  made  the  pro¬ 
vinces  the  principal  objects  of  his  attention,  and  took  care  to 
make  himself  duly  acquainted  with  the  languages  of  the  people 
he  visited.  In  proof  of  his  competency  to  the  task,  I  cannot 
do  better  than  quote  the  testimony  of  Mr  Berghaus,  in  his  Al¬ 
manack,  who  remarks  :*  “  We  may,  with  justice  and  propriety, 
term  Bout’s  journey  through  European  Turkey  a  journey  of 
discovery  for  geography  as  v.'ell  as  for  geology.  For  although 
our  maps  of  Turkey  are  filled  up  w'ith  the  most  minutely  de¬ 
lineated  chains  of  mountains,  and  exhibit  a  perfectly  com- 
l)lete  hydrographical  set  of  serpentine  rivers  and  streams,  yet 
we  know  well  that  these  apparently  accurate  representations 
belong,  for  the  most  part,  to  the  phantasmagorical  class,  and 
can  scarcely  deceive  the  most  credulous. 

“  Most  of  the  other  countries  of  Europe  have  been  surveyed 
and  described,  but  w’e  gi’ope  in  profound  darkness  when  we 
inquire  into  the  natural  external  form  and  the  geognostical 
constitution  of  the  Turkish  possessions.  European  prejudices 
and  mercantile  interests  arc  undoubtedly  the  chief  means  that 
have,  to  so  great  an  extent,  prevented  travellers  from  visit¬ 
ing  a  country  which,  now  that  many  portions  of  it  enjoy  the 
blessings  of  peace,  and  that  the  former  fanaticism  of  its  in¬ 
habitants  has  begun  to  disappear,  docs  not  present  the  great 
difficulties  formerly  encountered.  The  indefatigable  Boue, 
who  has  examined  the  geological  structure  of  nearly  all  the 
countries  of  Europe,  and  who  saw  in  Turkey  an  entirely  un¬ 
explored  field  for  new  observations,  resolved  to  devote  three 
or  four  years  to  its  investigation,  and  to  associate  with  him¬ 
self  in  his  enterprise,  naturalists  who  prosecuted  other  depart¬ 
ments  in  natural  history. 

“  In  the  year  1836,  during  a  portion  of  his  journey,  he  en¬ 
joyed  the  society  of  two  French  geologists,  M.  Montalembert 
and  Viquenel,  of  M.  Friedrichtshal,  a  botanist,  and  of  M. 


*  From  Jameson’s  Jom-nal,  vol.  zxv.  p.  174. 
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Adolf  Schwab,  a  zoologist,  the  two  latter  natives  of  Moravia. 
It  is  to  he  regretted  that  Boue  did  not  take  with  him  a  mea¬ 
suring  geographer,  that  is,  a  person  provided  with  the  requi¬ 
site  instruments,  who  should  have  been  able  to  determine 
positions,  and  to  ascertain  the  three  co-ordinates  of  a  great 
number  of  points,  so  as  to  furnish  the  foundation  for  a  new 
and  accurate  map,  of  which  want  our  traveller  bitterly  com¬ 
plains.”  Such  is  the  testimony  of  a  German  geographer  to 
the  merits  of  the  undertaking,  of  which  the  results  are  em¬ 
bodied  in  the  four  volumes  now  published. 

Nor  can  it  be  said  that  his  time  was  devoted  to  a  country 
deficient  in  interest.  The  recent  events  in  the  East  are  cal¬ 
culated  to  increase  our  curiosity  as  to  the  character  of  the 
people  who  occupy  these  regions ;  for,  without  entering  here 
on  any  political  discussion,  it  seems  evident  that  one  of  two 
events  must  shortly  happen  ;  either  that  the  Turkish  empire 
will  undergo  an  entire  dissolution,  in  which  case  these  several 
provinces  will  rise  into  so  many  distinct  states,  or  be  absorbed 
by  the  Russian  or  Austrian  dynasties,  which  border  upon 
them;  or  else  that  Turkey  will  acquire  a  portion  of  the  civi¬ 
lization  of  the  West,  and  become  in  some  degree  regenerated 
under  the  influence  of  European  example.  Whichever  of 
these  events  may  occur,  the  provinces  of  European  Turkey 
must  clearly  emerge  out  of  their  present  state  of  barbarism, 
and  will  become  in  consequence  every  year  more  interesting 
to  the  other  nations  of  Europe. 

Even  at  present  they  afford  a  curious  subject  of  contempla¬ 
tion  to  the  philosopher,  as  examples  of  the  Eastern  type  of 
manners  ingrafted  on  a  European,  and  in  many  places  upon  a 
Christian,  population  ;  whilst  the  classical  reader  cannot  fail 
to  take  an  interest  in  localities  which  recall  to  his  recollection 
the  names  of  Epirus,  of  Macedonia,  of  Thessaly,  and  of  Thrace. 

We  propose,  therefore,  to  present  such  a  brief  sketch  of  the 
work  alluded  to,  as  may  convey  some  slight  idea  of  its  charac¬ 
ter  and  its  value. 

A  Brief  Abstract  of  Dr  Boue's  Work  on  Turkey.* 

This  work  is  divided  into  three  parts.  The  first  compre- 
*  Entitled  “  La  Turquie  d’Europe,  par  Ami  Bond.  4  vols.  Paris,  1840.'’ 
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licnds  the  geography,  geognosy,  natural  history,  and  meteoro- 
logy  of  the  eountry,  and  occupies  one  volume.  The  eccofid 
part  relates  to  the  social  condition  of  the  people,  and  occupies 
two  volumes.  The  first  of  these  volumes  describes  the  lan¬ 
guage  and  character  of  the  inhabitants,  their  dress,  food, 
houses,  public  edifices,  fortresses,  mannei’s  and  usages,  anti¬ 
quities,  &c.  The  second  volume  treats  of  the  state  of  agri¬ 
culture,  commerce,  education,  religious  instruction,  civil  ad¬ 
ministration,  Sic.  The  third  part  is  historical  and  political, 
giving  an  account  of  the  civil  condition,  past  and  present,  of 
the  eight  nations  which  are  contained  in  Turkey.  The  whole 
is  concluded  by  an  article  on  the  mode  of  travelling,  table  of 
heights  and  of  distances,  and  the  roads. 

The  portion  which  relates  to  the  geography  of  Turkey  is 
hardly  susceptible  of  analysis.  It  is  in  great  detail,  and  implies 
a  long  residence  in  the  country. 

It  appears  that  there  are  no  less  than  seven  or  eight  systems 
of  mountains  in  Turkey,  which  render  its  description  very 
complicated,  as  there  is  no  central  chain  to  serve  as  a  point 
of  departure,  as  is  the  case  in  Italy  and  in  the  Alps.  Of  these 
systems  the  following  may  perhaps  be  pointed  out  as  the 
principal : — 

\st.  The  range  of  hills  running  parallel  with  the  Adriatic, 
which  forms  the  country  of  Montenegro.  It  runs  from  north¬ 
west  to  south-east,  and  its  greatest  heights  are  8500  to  9000 
feet  above  the  sea.  It  is  the  Scardus  of  the  ancients,  the 
Schardagh  of  the  Turks. 

2(1,  The  chain  of  Dospotodagh  (the  Rhodope  of  the  an¬ 
cients),  which  runs  from  north-'west  to  south-east,  dividing 
Macedonia  from  Thrace.  The  highest  summits  arc  from 
7000  to  7800  feet  above  the  sea. 

3rf,  The  chain  which  divides  Thessaly  and  Epirus  from 
Macedonia.  It  comprehends  the  ancient  Pindus,  and  extends 
down  to  Mount  Olympus.  The  height  cannot  be  less  than 
5000  feet. 

4M,  The  Balkan,  which  stretches  from  west  to  cast,  divid¬ 
ing  Bulgaria  from  Thrace.  Its  elevation  is  comparatively 
small,  the  Great  Balkan  not  exceeding  3000  feet,  the  Little 
Balkan  2000. 
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hth,  A  chain  extending  through  the  centre  of  Turkey,  and 
dividing  Wallachia  from  Servia,  being  a  continuation  of  the 
hills  of  the  Bannat. 

6^A,  There  is  another  chain  separating  Servia  from  Bosnia, 
and  a  third  traversing  the  centre  of  the  province.  These 
three  chains  all  meet  in  Servia,  forming  the  boundary  be¬ 
tween  it  and  High  Mcesia. 

The  highest  mountains  are  those  of  the  western  chain  in 
Bosnia,  which  is  another  Switzerland  in  the  configuration  of 
the  country ;  and  next  are  the  mountains  of  Thrace,  called 
Despotodagh.  Those  of  Schar  and  of  the  Balkan  come  next 
in  point  of  elevation.  Between  these  chains  lie  several  rich 
valleys,  as  those  of  Wallachia,  of  Servia,  of  Macedonia,  and 
of  Thrace. 

The  directions  of  the  chains  are  in  general  such  as  to  afford 
gi’eater  facilities  for  travelling  from  north  to  south  than  from 
west  to  east ;  accordingly,  it  is  found  much  more  easy  to  con¬ 
struct  a  road  from  Belgrade  to  Constantinople,  than  from 
Trieste  across  to  the  Black  Sea. 

Geognosy  of  Turkey. 

The  geological  structure  of  European  Turkey  is  more  simple 
than  that  of  the  western  portions  of  Europe.  There  seems 
to  be  no  trace  in  it  of  the  coal  formation,  or  of  any  rocks  in¬ 
termediate  between  this  and  the  cretaceous  deposits.  Gneiss, 
mica,  and  clay-slate  constitute  the  high  ground  of  Despoto¬ 
dagh,  Rhodope,  the  Balkan,  and  the  greater  part  of  the  prin¬ 
cipal  chains  above  enumerated.  Subordinate  to  gneiss  are 
rocks  consisting  of  whitestone,  hornblende  rocks,  garnet  rock, 
and  granular  limestone.  Subordinate  to  the  mica  and  clay- 
slates  we  meet  with  talc  and  chlorite  slates,  quartz  rock,  com¬ 
pact  and  granular  limestones,  dolomites,  and,  more  rarely,  slates 
impregnated  with  hornblende.  The  inclination  of  the  beds 
is  very  various,  depending  on  the  different  directions  in  which 
the  volcanic  forces  appear  to  have  operated  upon  them.  Both 
the  gneiss  and  the  other  slates  seem  to  pass  into  certain  con¬ 
glomerates,  which  may  be  regarded  as  greywacke,  as  is  the 
case  in  High  Moesia.  The  latter  rocks  pass  into  sandstone, 
grit,  and  calcareous  breccia.  The  fossils  which  these  rocks 
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occasionally  contain  near  the  Bosphorus,  would  lead  us  to 
place  them  in  the  Silurian  system. 

Secondary  rocks. — The  only  rocks  belonging  to  the  secon¬ 
dary  class  seem  to  be  cretaceous,  which  may  be  divided  into 
three  groups,  namely,  siliceous  beds  with  little  limestone  ; 
2d,  calcareous  beds  often  containing  hippurites ;  and  3rf,  a  for¬ 
mation  very  rich  in  nummulites. 

The  siliceous  deposit  constitutes  the  centre  of  Servia  and 
certain  portions  of  Eastern  Moesia.  The  hippurite  limestone 
forms  a  large  portion  of  the  Balkan,  of  Mount  Pindus,  and  of 
Transylvania,  and  a  still  larger  part  of  Bosnia  and  Croatia. 
The  nummulite  formation  is  seen  in  Epirus,  and  in  much  of 
the  western  portion  of  Turkey.  The  inferior  or  siliceous 
beds  of  the  cretaceous  formation  contain  vegetable  remains 
(Fucoides),  together  with  various  shells  characteristic  of  chalk, 
such  as  echini,  orbifolites,  ostreoc,  plageostoma,  &c.  The  supe¬ 
rior  beds  consist  of  green  sand  in  their  lower,  and  of  calca¬ 
reous  beds  with  flints  in  their  upper  portions.  The  petrifac¬ 
tions  are  like  those  of  the  chalk  of  the  west  of  Europe.  They 
abound  in  caverns,  in  which  the  rivers  frequently  lose  them¬ 
selves,  as  happens  also  in  Greece,  where  they  are  called  Kato- 
vothrons. 

This  formation  also  comprehends,  in  Turkey,  as  in  the  Alps, 
enormous  masses  of  dolomite,  and  of  limestone,  full  of  cracks 
and  fissures,  and  containing  a  little  magnesia.  These  dolo¬ 
mites  constitute  a  series  of  peaks  in  Albania  and  in  other  pro¬ 
vinces.  They  appear  to  contain  masses,  though  in  appearance 
small,  of  diorite. 

The  nummulite  formation  contains  much  mineral  pitch, 
which,  by  being  inflamed,  appears  to  he  the  cause  of  the 
NytnphcBum  of  Plutarch,  which  exists  in  Dalmatia.  Above 
the  chalk  are  extensive  fresh-water  formations,  together  with 
enormous  deposits  of  travertin.  Large  beds  of  conglomerate 
are  seen  as  a  part  of  this  formation  in  Thessaly.  The  partial 
destruction  of  these  beds  has  caused  large  blocks  to  be  scat¬ 
tered  over  the  surface  of  the  country,  which  appear  like  erra¬ 
tic  boulders,  but  which  Dr  Bone  distinguishes  from  them. 
There  is  every  appearance  that  Thessaly  was  once  a  lake, 
which  drained  off  when  the  fissure  at  Tempe  was  produced. 
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Ilut  the  deluge  of  Deucalion  and  Pyrrha  our  author  considers 
as  subsequent  to  the  draining  of  the  valley,  and  to  have  been 
caused  by  the  stopping  of  the  course  of  the  river,  which  now 
communicates  with  the  sea. 

Igneous  rocks. — Turkey  has  examples  of  nearly  every  kind 
of  igneous  rock  excepting  basalt,  but  quartzous  porphyry  is 
rare.  Granite  is  seen  in  the  centre  of  the  country,  and  in 
many  places  contiguous  to  the  Black  Sea.  Protogene  or 
talcose  granite  Ls  occasionally  met  with,  and  more  rarely  syen¬ 
ite.  Serpentine  is  a  very  abundant  rock  in  the  chalk  both 
in  the  w'est  of  Turkey  and  likewise  in  Servia.  But  the  largest 
eruptions  of  serpentine  lie  betwixt  Prisrcn  and  Scutari,  and 
in  the  Pindus,  where  it  is  accompanied  with  euphotide. 

Diorite  (the  ophite  of  the  Pyrenees)  is  only  met  with  in  Al¬ 
bania,  where  it  pierces  the  cretaceous  slates,  and  produces 
sundry  changes  in  them,  hardening  and  turning  them  into 
jasper. 

Trachytic  rocks  are  very  abundant,  especially  in  Macedo¬ 
nia  and  Thrace,  The  millstone  porphyry  of  Hungary  is  seen 
in  the  mountains  of  Karatova. 

Dr  Boue  distinguishes  the  trachytes  from  the  syenitic  por¬ 
phyries  often  associated  with  them,  regarding  the  former  as 
suba-real,  the  latter  as  partly  submarine. 

Pyroxenic  porphyry  is  found  in  great  abundance  at  the  foot 
of  the  Balkan,  north  of  Aidos,  accompanied  with  a  breccia. 

In  High  Mcesia,  near  Sophia,  the  rocks  resemble  much 
those  of  the  Val  de  Fassa  in  the  Tyrol.  This  porphyry  tra¬ 
verses  the  middle  and  upper  tertiary  formation,  whilst  the 
trachytes  appear  somewdiat  more  ancient,  beginning  at  the 
epoch  of  the  chalk,  and  terminating  at  that  of  the  nearest 
tertiary. 

The  diorites  and  serpentines  traverse  the  ancient  rocks,  and 
especially  the  chalk  ;  whilst  the  granites  appear  to  have  been 
ejected  at  the  end  of  the  ancient  primary  epoch.  The  continu¬ 
ance  of  igneous  action  in  Turkey  seems  to  be  evinced  by  the 
great  abundance  of  thermal  waters  which  occur  at  the  foot  of 
most  of  the  chains.  They  almost  all  contain  sulphuretted 
hydrogen. 

Thus  on  the  great  scale  Turkey  may  be  regarded  as  formed 
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by  a  bifurcation  of  the  Alps,  which  here,  as  in  Styria  and  Ca- 
rinthia,  divides  into  two  branches.  Of  these  the  south-eastern, 
having  reached  Upper  Moesia,  divides  into  an  eastern  and 
south-south-eastern  portion,  between  which  two  rise,  as  in  the 
Alps,  enormous  mountains  of  crystalline  slates.  The  latter, 
accompanied  by  these  same  secondary  rocks,  extend  to  the 
Archipelago  as  well  as  into  Asia  Minor,  and  support  in  the 
Taurus,  as  in  Turkey,  enormous  masses  of  chalk. 

The  crystalline  rocks  of  T  urkey  are  distinguished  from  those 
of  the  Alps  in  containing  many  more  distinct  basons,  and 
a  larger  number  of  great  cavities,  which  are  filled  with  tertiary 
deposits,  but  are  unaccompanied  by  erratic  blocks,  although 
the  deposit  of  Meteora  in  Thessaly  would  seem  to  indicate  a 
similar  event  during  the  tertiary  epoch.  They  are  also  pierced 
by  great  trachytic  eruptions  even  in  the  centre  of  the  chains, 
whereas  in  the  Alps  these  latter  are  only  found  at  the  foot  of 
the  range.  The  serpentines  of  Turkey  bear  the  greatest  re¬ 
semblance  in  the  mode  of  their  distribution  to  those  of  the 
Tyrol. 

The  western  side  of  Turkey  presents  the  counterpart  of  the 
Italian  peninsula,  with  this  difference,  that  sandstone  rocks 
predominate  in  the  latter  and  calcareous  in  the  former  ;  and 
that  the  tertiary  or  subapennine  deposits  are  less  abundant 
on  the  Turkish  side. 

The  operation  of  volcanic  forces  seems  to  be  evinced  even  at 
the  present  day  by  the  frequent  earthquakes  which  are  re¬ 
corded  by  ancient  writers,  and  are  frequently  experienced  at 
present,  as  along  the  western  coast.  The  most  destructive 
was  that  of  1667,  which  destroyed  Ragusa.  Wallachia  is  also 
exposed  to  the  same  calamity,  as  in  1838. 

The  islands  bordering  upon  the  coast  often  suffer  severely, 
particularly  Zante  ;  and  in  others,  as  at  Melida  near  Itagnsa 
off  the  coast  of  Dalmatia,  subterraneous  noises  are  sometimes 
heard,  which  are  referable  to  the  same  cause. 

Vegetation  of  Turkey. 

We  find  in  Turkey  the  elements  of  at  least  five  foreign 
Floras,  viz.  that  of  Hungary,  that  of  Transylvania  end  Bui- 
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garia,  of  the  Chersonesus,  of  Asia  Minor,  and  of  Greece  ;  to 
which  may  be  added  perhaps  that  of  Dalmatia  and  Italy. 

We  may  distinguish  three  botanical  regions  ;  1.  That  of  the 
low  land,  in  which  corn,  vines,  and  fruit-trees  are  abundant ; 
2.  The  sub-alpine  region,  in  the  lower  part  of  which  the 
greater  part  of  the  forests  occur. 

The  character  of  the  forests,  however,  depends  upon  the 
elevation.  From  3200  to  2500  feet  above  the  sea  they  con¬ 
sist  chiefly  of  oak ;  of  which  the  species  most  common  are 
Quercus  robur  (the  English  oak)  and  its  varieties,  pubescens  and 
pedunculata,  Q.  cerris  (the  Turkey  oak),  JEgilops  [Felonia), 
cylindrica  and  apennina;  together  with  the  Q.  ilex  (holm  oak), 
and  Q.  coccifera  {Kermes),  in  Epirus  and  Central  Albania. 
The  Judas  tree,  myrtle,  Nerium  oleander,  Colutea  arborescens, 
Tilia  argentea,  and  several  species  of  poplar,  are  associated 
with  the  oak  in  this  country.  BeloAv  the  region  of  oaks,  and 
rising  to  the  level  of  about  2500  feet,  the  forests  consist  of 
the  Spanish-chestnut,  w'itli  the  filbert  and  hazel-nut  ;  on  the 
borders  of  the  Adriatic,  and  at  the  foot  of  the  mountains  of 
Thessaly,  orange  and  lemon  trees  are  found,  and  also  at  this 
low  level  the  olive  and  the  pomegranate  will  flourish.  The 
larch-tree  reaches  to  Central  Albania,  and  the  Oriental  plane 
extends  as  far  as  the  Balkan.  The  Laurus  nobilis  or  Bay 
laurel  forms  groves  at  a  height  of  1500  or  1600  feet  in  Epirus. 

The  upper  limit  of  maize  in  Thessaly  is  about  2850  feet 
above  the  sea ;  of  the  rice-grounds,  1090,  in  Thrace  ;  of  the 
cotton,  2500  ;  oats  and  barley  reach  3800  on  Mount  Pindus, 
and  about  2100  in  the  Balkan.  The  beech  grows  from  a 
height  of  2000  to  4900  ;  the  fir  from  6000  to  2400  ;  but  it  is 
to  be  remarked  that  whilst  the  Finns  picea  (the  silver  fir,) 
Brticea  (Naples  fir).  Pinaster  (the  Pinaster'),  and  Picea  (stone 
pine),  attain  the  elevation  of  6000,  the  Abies  communis,  or 
Norway  fir,  and  the  Larch,  seem  to  bo  limited  to  a  height  of 
4000. 

3.  With  respect  to  the  tliird  or  alpine  region  of  Turkey,  from 
6000  feet  upwards,  the  plants  that  characterize  it  are  certain 
lichens,  saxifrages,  and  gentians,  the  Juniperus  nana,  Dryas 
octopetala,  Draba  aizoon.  Ranunculus  nivalis,  and  other  spe¬ 
cies  found  also  for  the  most  part  at  similar  levels  in  the  Alps. 
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Dr  Boue  concludes  this  part  of  his  work  with  a  long  cata¬ 
logue  of  the  plants  of  Turkey,  and  states  that  the  best  locali¬ 
ties  for  botanical  researches  arc  the  Balkan,  Mount  Rhodope, 
and  the  chains  betwixt  Albania,  Croatia,  and  Servia,  espe¬ 
cially  Mounts  Scardus  and  Pindus.  I  will  say  nothing  of  the 
Fauna  of  Turkey,  to  which  the  best  portion  of  his  first  volume 
is  devoted,  except  to  remark,  that  this  country  affords  the 
great  supply  of  leeches  for  the  rest  of  Europe,  respecting 
which,  in  a  subsequent  volume,  Dr  Boue  has  given  some 
curious  details. 

The  climate  of  Turkey  is  subject  to  great  extremes  of  heat 
and  cold,  and  the  winters  are  more  rigorous  than  the  latitude 
would  lead  us  to  suppose.  Owing  to  the  heat  and  the  number 
of  stagnant  waters,  fevers  arising  from  malaria  are  very  fre¬ 
quent  after  the  commencement  of  July.  April,  May,  and  June 
are  therefore  the  best  months  for  travelling.  Dr  Boue  has 
given  some  useful  instructions  for  those  who  meditate  a  jour¬ 
ney  in  this  country.  There  are,  it  seems,  three  methods  by 
which  it  may  be  effected.  The  first  is  a  simple  passport ; 
the  second  one  of  a  superior  kind,  called  Bourjardi,  given  by 
the  Pashas,  containing  an  order  for  lodging  ;  the  third  a  Fir¬ 
man,  an  order  from  the  central  government,  which  entitles 
the  traveller  to  have  a  Tartar  as  a  travelling  companion  and 
protector.  The  traveller  thus  provided  has  a  right  to  claim  a 
lodging  in  any  place  he  arrives  at  from  the  Pasha.  It  is  ne¬ 
cessary,  however,  to  carry  a  bed,  an  iron-kettle  for  making 
soup,  &c.  and  many  other  articles  not  required  in  other  parts 
of  Europe,  and  to  be  prepared  against  the  contingency  of 
finding  the  house  consigned  to  you  as  a  lodging  deserted  in 
consequence  of  the  exactions  of  the  Turks,  who  when  they 
travel  often  go  away  without  making  any  remuneration  to  their 
hosts  for  their  reception. 

With  respect  to  the  people,  the  Montenegrans  and  Alba¬ 
nians  are  the  most  wild  and  barbarous,  the  Servians  the  high¬ 
est  in  the  scale  of  civilization.  The  former  carry  their  family 
feuds  to  such  an  extent,  that  blood  can  only  bo  expiated  by 
blood.  Nevertheless,  travelling  is  not  unsafe,  unless  in  cases 
where  some  suspicion  or  national  enmity  attaches  to  the  in¬ 
dividual.  The  Servians,  on  the  contrary,  are  highly  praised 
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by  our  author  for  their  simplicity  and  probity  of  character. 
They  revolted  from  the  Sultan  under  a  chieftain  called  Tzemi 
George  about  the  beginning  of  the  century,  and  though  re¬ 
duced  to  submission  in  1812,  when  the  Porte  had  concluded  a 
treaty  of  peace  with  Russia,  and  had  its  troops  at  liberty,  yet 
afterwards  they  were  driven  to  take  up  arms  by  the  oppres¬ 
sion  they  underwent,  and  at  length  obtained  of  the  Sultan  a 
kind  of  half  compromise,  which  left  them  at  liberty  to  govern 
themselves  under  the  superintendence  of  a  native  Servian 
prince,  Milosch,  paying  an  annual  tribute  only  to  the  Sove¬ 
reign.  Prince  Milosch  is  represented  as  a  man  of  great  natu¬ 
ral  acuteness,  though  totally  uneducated,  being  unable  even  to 
read  or  write.  With  many  of  the  vices  of  the  barbarian,  he 
seemed  in  the  main  well  fitted  to  govern  such  a  people,  affect¬ 
ing  no  show  or  state,  living  in  a  plain  and  homely  style,  and 
conducting  the  government  in  an  Eastern  fashion,  exempt 
from  many  of  the  abuses  that  had  crept  into  the  Turkish  ad¬ 
ministration.  Dr  Bou^  contrasts  the  state  of  things  in  Servia 
and  in  Greece,  and  gives  the  preference  to  the  former. 

He  concludes  with  a  table  of  the  heights  above  the  sea  of 
no  less  than  350  places,  measured  by  himself  barometrically 
during  his  travels  in  Turkey. 


.Appendix  to  Dr  Fichardson's  Observations  on  Solar  Fadiation. 

Professor  Forbes  having  referred  to  Leslie’s  Photometer 
in  the  remarks  which  he  has  had  the  kindness  to  make  on 
my  observations,  I  have,  with  the  view  of  rendering  the 
paper  more  complete,  added  two  tables  containing  abstracts 
of  a  register  of  that  instrument  kept  at  the  same  time  with 
that  of  the  radiation  thermometers.  In  the  spring  months  the 
action  of  the  sun  on  the  photometer  w'as  so  powerful  as  to 
drive  the  coloured  liquid  beyond  the  limits  of  the  scale  at¬ 
tached  to  the  instrument,  and  in  twelve  different  instances,  in 
March  1826,  entirely  into  the  clear  bulb.  To  remedy  the 
shortness  of  the  scale,  I  divided  the  two  limbs  of  the  photo¬ 
meter,  including  the  bend  at  the  bottom,  into  35°,  each  de- 
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gree  being  as  nearly  as  possible  equal  to  one  of  the  scale  at¬ 
tached  to  the  descending  limb  by  the  maker.  As  results  such 
as  I  have  mentioned  did  not  seem  to  be  contemplated  by  the 
inventor  of  the  instrument,  and  as  I  conjectured  that  the  very 
low  mean  temperature  of  the  air  in  February,  March,  and 
April,  might  affect  the  indications  of  the  instrument  by  greatly 
contracting  the  coloured  fluid,  I  did  not  print  the  register  in 
Franklin’s  Appendix.  The  abstracts  now  given,  however, 
serve  to  corroborate  the  deductions  made  from  the  observa¬ 
tions  on  the  radiation  thermometer  as  to  the  greater  effects  of 
the  sun-light  in  spring  in  high  latitudes,  whether  it  be  owing 
to  reflection  from  the  snow  or  some  other  cause.  Table  Vlll. 
contains  an  abstract  of  the  register  for  three  months  in  which 
the  observations  were  most  regularly  made.  Table  IX.  in¬ 
cludes  the  months  in  which  the  observations  were  made  only 
on  favourable  or  convenient  days.  From  the  crust  which 
forms  on  the  snow  in  March,  the  radiation  from  it  affects  the 
eyes  more  severely  in  March  and  April  than  at  other  times. 


TABLE  VIII. 

Results  of  a  Register  of  the  Indieations  of  Leslie's  Photometer  kept 
at  Port  Franklin  in  1826. 


on  Solar  Badialion. 
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TABLE  IX. 

Results  of  a  Register  of  the  Indications  of  Leslie's  Photometer  kept 
at  Fort  Franklin  in  1825—26. 


*  Note. — Tho  observations  on  the  Photometer  were  interrupted  by  my 
absence  from  the  Fort  from  the  0th  of  April  to  tho  Cth  of  May ;  but  up  to 
the  end  of  April  the  register  of  the  radiation  thermometer  was  kept  by 
the  other  ofScers  when  I  was  absent. 


BRITISH  METEOROLOGICAL  TABLES. 

Mean  state  of  the  Barometer  and  Thermometer  at  Canaan  Cottage, 
near  Edinburgh,  By  A.  Adie,  Escj. 

Lat.  55°  57'.— Height  above  the  mean  level  of  the  sea,  216  feet. 


Months. 

Morning. 

January,  .  .  . 
February,  .  . 
March,  .... 

April . 

May, . 

J  une, . 

July, . 

August . 

September, .  . 

October . 

Novemler,  .  , 
December,  .  . 

38.55 

36.72 

4254 

50.66 

49.29 

58.37 

52.07 

58.61 

49.43 

4452 

40.70 

37.80 

Mean  Annual  a 
Temperature  J- 
and  Pressure,  } 

45 

.  Morning.  Evening. 
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Meteorological  Tables, 


Lord  Graggs  Meteorological  Table  for  1840. 


Extracted  from  the  Register  kept  at  Kinfauns  Castle,  North  Britain. 
Lat.  56’  23'  30'. — Above  the  level  of  the  sea,  150  feet. 


Morning 

t  p.ast  8 

Evening, 

8  o’clock. 

Mean  Temperature  by 
Six’s  Thermometer. 

Depth 

No.  of 

1810. 

^lean  Height  of 

Mean  Height  of 

ot 

Rain 

in 

Ilaiii 

Barom. 

Thor. 

Barom* 

Ther. 

Lowest. 

Higlicst. 

Mean. 

Gar- 

tU“n, 

or 

Snow. 

January,  . 

29-381 

37-387 

29  407 

35-226 

33-258 

41-046 

37-102 

3-96 

17 

I'chruary, 

29-737 

37-103 

29-74-1 

33-345 

3:1-1.38 

4-2-034 

37  586 

2-12 

15 

March,  .  . 

30-2(!9 

39-161 

30-211 

38-870 

32-312 

48-484 

40-548 

*25 

4 

April,  .  .  . 

29-915 

46-966 

29926 

44-433 

38-500 

55-700 

47-100 

•14 

2 

May . 

29-755 

48-548 

29-763 

45-483 

41-064 

56-290 

48-677 

2-85 

16 

Jane,  .  .  . 

29-691 

54-633 

29-676 

52-800 

63-033 

54-900 

14 

Jiily)  •  •  • 

29o!50 

56-322 

29-599 

53-935 

4(5-903 

64-129 

55-516 

4-45 

August,  .  . 

29-686 

53-548 

29-686 

56-741 

49-483 

(56-258 

57-870 

1-98 

7 

iSoptembcr, 

29  503 

50-600 

29510 

48-200 

43-300 

57-766 

50-533 

2-23 

17 

October, .  . 

2!)-8il 

44-741 

29  845 

43-032 

38-741 

52-677 

45-709 

2-97 

11 

November, 

29-447 

40-46(> 

29-490 

39-733 

3.5-86(5 

46-933 

41:400 

2-17 

12 

J>  comber. 

30040 

3-0-129 

30-030 

36-064 

32-933 

41-774 

37-355 

*45 

7 

Avrrageof  1 
the  year, } 

29-732 

45-717 

29-741 

44-238 

39-380 

53-060 

46-220 

35-17 

142 

ANNUAL  RESULTS. 


MORNING. 

B.\kometek. 

Thekmomeieu. 

Ohermlutiis. 

Wind. 

Wind. 

Highest, 

,  27th  December,  . 

N.  30-64. 

9th  August, 

SW.  64’. 

Lowest, 

.  2Gth  January, 

SW.  28-20. 

30th  January,  . 

NE.  24’. 

EVENING. 

Highest, 

.  8th  March,  . 

E.  30-62. 

9th  August, 

SW.  67 

Lowest, 

.  24th  January, 

SW.  28-16. 

6th  January,  . 

NW.  24’. 

irt’rt/Ac’r. 

Days. 

Wiiul, 

Times. 

Fair 

224 

N.  and  NE. 

44 

Raiu  or  Snow,  .... 

142 

E.  and  SE. 

98 

— 

S.  and  SW. 

92 

366 

W.  and  NW. 

132 

366 

Extranc  Cold  and  Ilmt  by  Silt’s  Thcrmoincler : — 

Coldest, 

30th  January, 

Wind  NW. 

20’ 

Hottest, 

.  .  9th  August, 

Wind  SW. 

76’ 

Alean  Temperature  for  the  year  1840,  . 

46’22-20. 

Results  of  hvo  Rain- 

■Gauyes. 

In.  100. 

1.  Centre  of  Kinfauns  Garden,  about  20  feet  above  the  level  of  the  sea, 

25-17 

2.  Stxuarc  Tower,  Kinfauns  Castle, 

180  feet, 

25-22 

Wbstract  of  Meteorological  Itegister  for  the  year  1840,  kept  at  Inveresk,  near  Musselburgh.  Communicated  by  Admiral  Sir  David  IMilne. 
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Abstract  of  Meteorological  Observations  for  1840, at  Apglsjarth  Manse,  Dimfriesa 

Long  8°  12'  W,  Lat.  55®  13'  N.;  Height  above  the  Sea,  ISO  feet ;  Distance  from  the  Sea,  10  miles;  Uain -Gauge,  5  feetfroiu  tlie  g 

I  BAROMETER. 


wind  W.  and  SW.  The  mean  of  extremes  differs  from  the  mean  of  Morning  and  Evening  less  than  two-tenths  of  a  degree. 

The  Rain  in  1840  is  less  than  has  fallen  since  1832,  and  almost  a  third  less  than  fell  last  year,  though  the  number  of  days  on  which  it  rained 
was  greater  in  1810  than  in  1839.  The  driest  month  in  the  year  was  March ;  the  wettest,  July. 
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Bi  sults  of  a  Meteorological  Journal,  kept  at  Tiarrahy,  near 


Carlisle,  for  the  year  I&IO. 

By  Joseph  Atkinson,  Esq. 

Barometer. 

Mc.an  height  at  9  a.  m.  .  . 

29.861 

Wind. 

Mc.on  height  at  9  p.  H.  .  . 

29.876 

Mean  Iicight  at  both,  .  .  . 
Highest  A.M. — on  the  8th 

29.8C8 

Number  of  Days. 

Miirch, . 

30.729 

N.  12|  E.  202 

42 

Lowest  A.M. — on  the  26th 

NNE.  14J  ESE.  7  ssw.  242  WNW.IO 

January . 

28.506 

NE.  14^  SB.  20^  SW.  392  NW. 

Hi 

Highest  p.M.  —  on  the  8th 

ENE.  202  SSE.  22i  W.SW.702  NNW.102 

March, . 

30  705 

DATS. 

Lowest  p.M.  —  on  the  13th 

Total  easterly, . 

1322 

November, . 

28.488 

Total  westerly, . 

2332 

Calm, . 

56 

Thermometer. 

Moderate, . 

248; 

Mean  of  maximum,  .  .  . 

.  52.8 

Breeze, . 

272 

Mean  of  minimum,  .  .  . 

.  43.3 

Strong  breeze, . 

132 

Mean  of  both, . 

.  48.0 

Stormy, . 

20  , 

Highest — on  the  7th  August,  74.0 

• 

Lowest— on  the  24th  December,  21.5 

Weather. 

Rain. 

Clear, . 

46i 

Total  quantity, . 

32.055 

Sun  shone  out, . 

288 

Average  total  quantity  for 

Cloudy, . 

924 

24  years, . 

30.5.'>8 

Rain,  209,  Snoav,  18,  ...  , 

227 

Number  of  days  on  which 

Frost, . 

40 

rain  fell,  209,  Snow,  18,  . 

227 

Thunder, . 

9 

Average  number  of  days  for 

Hail, . 

3 

24  years, . 

187 

Description  of  several  New  or  Fare  Plants  which  have  lately 
Flowered  in  the  Neighbourhood  of  Edinburgh,  and  chiefly  in 
the  Foyal  Botanic  Garden,  liy  Dr  Graham,  Professor  of 
Dotany. 


March  10.  1841. 


Acacia  seligera,  A.  Cunningham. 

A. /efiffcra ;  ])iIosa;  minis  diffusis  toretlbus;  pliyllodiis  cllipticis,  ob- 
liquis,  undulato-tortuosis,  venosis,  niurginatis,  iiiargir.is  basi  supo- 
riorc  unigbmdulosis,  apicc  in  inucroncm  clongatum  subulato-sctilbr- 
mcm  ocuininatis ;  pcdunculis  axillaribus  monocephalis  (vcl  capitiito* 
racemosis)  pbyllodio  longioribus,  foliis  superioribus  sub  florcs  so'pu 
abortivis. — Hooker. 

Acacia  setigera.  All.  Ciinn.  in  Iletb.  Hook. — Hook.  Iconcs,  ICC. 
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Dr  Graham’s  List  of  Itare  Plants. 

DEScniPTiON. — Stem  erect,  ronnd,  green  and  pilose,  but  becoming  brown 
and  naked ;  branches  diibised,  round,  green,  pretty  closely  covered  with 
rather  harsh  spreading  colourless  hairs.  Phyllmlia  (I  inch  long,  10  lines 
broad)  on  short  petioles,  crowded,  ascending  obliquely,  bearing  one  edge 
up,  glaucous,  obovato-subrotund,  undulate,  coriaceous,  marginatc  and  ci¬ 
liated,  having  a  small  sessile  gland  on  the  upper  edge  near  the  base, 
slightly  hairy  on  both  surfaces,  somewhat  unequally  divided  by  the  mid¬ 
rib,  which  is  prolonged  into  an  ascending  subulate  inucro;  veins  oblique 
and  slightly  reticulated,  as  well  as  the  nb  prominent  on  both  sides.  Pc- 
rfwnc/c* (three-fourths  of  an  inch  long)  generally  single-headed,  occasion¬ 
ally  supporting  several  heads  in  a  r.acemosc  manner,  axillary  and  collected 
towards  the  branches,  the  phyllodia  at  their  bases  becoming  gradually 
smaller,  and  at  length,  near  the  apex,  being  altogether  awanting.  Ca/a'- 
tula  about  the  size  of  largo  peas,  dense,  yellow,  all,  or  nearly  all,  her¬ 
maphrodite.  Calyx  very  small,  brown,  adpressed,  5-clcft,  segments  blunt. 
Corolla  small,  about  five  times  as  long  as  the  calyx,  6-cleft,  segments 
erect,  elliptical.  Stamens  numerous,  nearly  three  times  as  long  as  the 
corolla;  filaments  undulate ;  anthers  of  two  small  rounded  lobes.  Pistil 
longer  than  the  stamens ;  germen  green,  elliptical,  glabrous ;  style  rather 
stouter  than  the  filaments,  placed  obliquely  upon  the  apex  of  the  ger- 
inen  ;  stigma  blunt  and  inconspicuous. 

We  received  the  seeds  of  this  shrub,  gathered  on  the  b.anks  of  the  Ooul- 
bourn  lUver,  from  Dr  Maclagan  in  1860.  It  flowered  in  the  greenhouse 
of  the  Botanic  Garden  in  December  last,  and  continued  m  blossom 
during  January  and  February.  I  cannot  doubt  that  it  is  the  plant  fi¬ 
gured  by  Hooker,  as  quoted  above;  and  I  believe  it  is  identical  with  a 
spt'cimen  in  my  herbarium  from  the  late  Mr  Fraser,  marked  a  tall  pen¬ 
dulous  shrub,  observed  in  Oxley’s  second  expedition  in  flower  in  August 
on  all  the  barren  lands  north  of  the  Arbuthnot  range.  Hooker’s  spe¬ 
cimen  is  from  sandstone  ridges  on  the  western  branches  of  Hunter’s 
Kiver.  In  gener-al,  De  Candolle’s  division  of  the  leafless  Acacias  into 
three  sections,  according  to  their  inflorescence,  is  found  useful  and  easy 
of  application.  There  are  a  few  exceptions,  which,  like  tlie  present 
species,  stand  across  one  of  the  boundary  lines.  In  general,  the  flowers 
arc  placed  in  solitary  capitula ;  but,  both  in  the  cultivated  phint  and  in 
my  native  specimen,  there  are  also  capitula  arranged  in  a  racemose  man¬ 
ner  .along  a  common  peduncle.  This  circumstance  is  not  exhibited  in 
Hooker’s  figure,  nor  noticed  in  his  description.  Sir  William  Hooker 
inadvertently  published  another  species  under  the  same  name,  leones 
FI.  31G.  This  last  is  Acacia  Riceana,  Heiislow,  Botanist,  t.  135. 

GarJoquia  betonicoides,  Lindl. 

G.  hetonieoides ;  radice  repente,  caulo  erccto,  corollis  calyce  subglabro 
triplo  longioribus,  folds  ovato-cordatis  grosso  crenatis  utrinque  sub- 
glabris  subtus  purpurascentibus,  cymis  pedunculatis  erectis,  floribus 
congestis. 

Gardoquia  betonicoides,  Lindl.  Bob  Ecg.  in  Misc.  n.  159. — BoL  Mag. 
3860. 

Description. — Root  creeping.  Stem  (in  the  specimen  described)  nearly 
3  feet  high.  Leaves  (li  to  2i  inches  long,  1|  to  IJ  broad)  ovato -cor¬ 
date,  blunt,  deeply  crenate,  glandular  and  subglabrous  on  both  sides,  at 
first  green  on  both  sides,  soon  becoming  purplish  below  ;  middle  rib  and 
distantly  reticulated  veins  prominent  below,  channelled  above ;  petiole 
nearly  as  long  as  the  loaf,  channelled  above.  Bracts  resembling  much 
diminished,  subsessilc,  subentiro  leaves ;  hracteoles  linear,  subulate. 
Cymes  erect,  distant  at  the  lower  part  of  the  terminal  pseudo-spikes,  ap¬ 
proaching  higher  up,  with  many  crowded  erect fiowers.  Calyces  densely 
i'.dprcsscd,  sutelabrous,  subcqual.  Corolla  (1  inch  long)  agreeably  per¬ 
fumed,  somewhat  spreading,  thrice  as  long  as  the  calyx ;  tube  clavate, 
compressed  laterally,  grooved  and  veined,  shortly  glanduloso-pubcscent. 
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limb  oblique,  5-cleft,  the  lowest  lobe  the  largest,  crenato  and  revoluto,  I 

the  others  subequal,  the  two  uppermost  the  flattest.  Stametis  didy-  I 

namous;  filaments  adhering  to  the  tube  of  the  corolla  to  unequal  heights,  I 

the  two  inner  the  farthest  exserted,  the  others  nearly  as  long  as  the 
upper  lobes  of  the  corolla;  anthers  dark,  lobes  parallel ;  pollen  white.  | 

1‘ittil  rather  longer  than'thc  shorter  stamens ;  style  glabrous,  and  colour-  " 

less,  except  at  the  apex,  where  it  has  a  faint  tinge,  the  same  as  the  I 

corolla,  its  lobes  subulate,  spreading,  subcqual.  Disk  small,  round,  fleshy 
supporting  the  abortive  acheenia. 

The  plant  was  received  at  the  gardens  of  the  Caledonian  Horticultural 
Society,  from  Mr  Low  of  Clapton  in  October  1B39,  and  flowered  freely 
during  the  summer  and  autumn  following,  both  in  the  greenhouse  and 
ji  open  border,  requiring  no  particular  treatment. 

Heliclirysum  niveum,  Grah. 

H.  niveum;  perenne, caulc erecto,  subsimplice, scabro ;  capitulis  maximis 
solitariis  terminalibus,  squamis  utrinque  niveis  conniventibus  ovatis 
mucronulatis ;  foliis  oblongo-spathulatis,  utrinque  viridibus,  pubesccn- 
tibus,  basi  in  petiolum  angustatis,  semiamplexicaulibus. 

Ilelichryscum  niveum,  Bot.  Mag.  3857. 

Description. — (above  3i  feet  high)  somewhat  woody,  erect,  simple 
below,  corymbose  at  the  top,  green.  Leaves  (7  inches  long,  ne:irly  2 
broad)  gradually  smaller  upwards,  scattered,  as  well  as  the  stem  rough 
without  pubescence,  sessile,  the  lower  ones  obovatc  and  much  atten-  [ 

,  uated  at  the  base,  the  upper  more  ne.arly  elliptical,  green  on  both  sides, 

?  with  a  strong  middle  rib,  and  four  to  six  principal  veins  extending  ne.arly 

tb  the  apex  of  the  leaf,  which  is  entire  in  the  edges.  Capitula  terminal, 
on  elongated,  subsimple,  corymbose  branches.  Involucre  large,  senriose, 
of  snowy  whiteness,  spreading  into  a  hemisphere ;  scales  ellixitical,  very 
numerous,  imbricated,  the  outer  and  inner  smaller  than  the  rest,  con- 
cave,  none  of  them  radiating,  the  inner  green  at  the  base.  Florets  very 
numerous,  yellow,  cylindrical,  all  hermaphrodite,  5-toothed.  Stamens 
inserted  near  the  base  of  the  corolla,  the  apices  of  the  anthers  subex- 
serted.  Stigmata  revolute,  truncated,  hairy  at  the  apices.  Style  colour¬ 
less,  filiform,  its  apex  projecting  above  the  stamens.  Germai  glabrous, 
crowned  with  a  rough  pajipus,  almost  plumose,  as  long  as  the  corolla. 
liecej.taelc  naked,  pitted. 

This  largo  and  extremely  ornamental  species,  was  raised  by  Mr  Low  of 
I  Clapton,  from  seed  sent  from  Sw.an  River  by  Mr  Drummond,  late  of 

Cork,  .and  seedlings  sent  to  the  garden  of  the  Caledonian  Horticultural 
j  Society  in  October  1039,  flowered  very  abundantly  during  July  and 

August  following,  forming  an  exceedingly  attractive  border  plant. 

I  The  species  has  proved  to  bo  perennial,  pushing,  in  the  year  after  flower¬ 

ing,  many  branches  from  the  lower  part  of  the  stem.  It  has  not  ripened 
seed  at  Edinburgh.  It  has  much  affinity  with  the  H.  maeranthum  of 
Dentliam,  but  is  distinguished  by  its  large  capitula,  pure  white,  cup¬ 
shaped  involucre,  and  perennial  root.  It  is  in  the  highest  degree  worthy  ' 

of  cultivation.  t 

Mirbelia  speciosa,  Sieb. 

M.  sjieciosa  ;  foliis  lincaribus,  mucronatis,  aveniis,  sparsis  vel  subverti- 
cellatis,  marginibus  revolutis  integerrimis  ;  floribus  in  spicam  folio- 
sam,  subtcrminalem,  interruptam,  dispositis. 

ij  Mirbelia  speciosa,  Sieh.  PI.  Exs.  Nov.  Holl.  n.  3C7. — De  Cand.  Prodr. 

i;  2.  115. 

'  Description. — Shrub  branched,  slender;  branches  elongated,  bluntly  an-  t 

I  gular,  having  scanty  adpressed  pubescence,  grey  and  with  many  small  t 

green  spots.  Leaves  scattered  or  subverticillate,  linear,  mucronate,  | 
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spreading'  wide,  hiving  sliort  creet  petioles,  reinless,  dark  green  and 
broiully  channelled  above,  paler  below,  and  there  with  a  few  adpreased 
haira  upon  tlie  revohite  entire  edges,  and  on  the  strong  middle  rib  which 
is  slightly  depressed  along  its  centre ;  hairs  produced  at  the  base. 
Flouert  in  distant  verticels  towards  the  extremities  of  the  branches, 
large,  handsome,  and  solitary  in  the  axils  of  scarcely  diminished  leaves, 
which  arc  longer  than  them.  Peduncles  thrice  as  long  as  the  petioles, 
soinewhat  silky,  with  adpressed  hairs,  and  having  at  the  apex  two  op¬ 
posite  adpressed  subulate  persisting  bracts.  Calyx  silky,  like  the  pe¬ 
duncle,  bilabiate,  upper  lip  bifid,  segments  ovato-subulate,  reftex^; 
lower  lip  tripartite,  segments  spreading,  longer,  narrower,  and  more 
acute  than  those  of  the  upper  lip.  Corolla  of  nearly  uniform  lilac ;  vex- 
illum  (9  lines  across)  three  times  as  long  as  the  calyx,  reflexed,  sub¬ 
rhomboid,  notched  in  the  centre,  slightly  striated,  and  having  an  obcor- 
dato-linear  bright  yellow  spot  towards  its  nearly  white  claw ;  aim  rather 
shorter  than  the  vexillum,  falcato-spathulate,  edges  vertical,  nearly 
without  tooth,  claw  short ;  keel  half  the  length  of  the  aim,  blunt,  its 
petals  cohering  only  in  the  middle,  the  claws  longer  than  those  of  the 
aim.  Stamens  included  within  the  keel,  free,  the  two  upper  occasionally 
abortive ;  filaments  pale  greenish,  gl.abrous  ;  anthers  yellow,  subrotund  ; 
pollen  yellow,  granules  minute,  oblong.  Pistil  rather  shorter  than  the 
lower  stamens,  rather  longer  than  the  upper,  everywhere  glabrous ; 
stigma  capitate,  vcrrucose  ;  gcrinen  green ;  ovules  about  four. 

This  is  a  remarkably  pretty  species,  and  was  raised  at  the  Botanic  Gar¬ 
den  in  183G  from  Australian  sceils,  which  were  obligingly  given  to  mo 
by  Alex.  G.  Speirs,  Esq.  of  Culcreuch,  but  I  do  not  know  from  what 
part  of  the  country  the  seeds  were  obtained.  The  plant  has  been  kept 
in  the  greenhouse,  with  the  usual  treatment  of  Australian  plants,  and  , 
flowered  for  the  first  time,  but  then  abundantly,  in  Eebruary  and  March 
1841. 

Siphocampylus  revolutus,  Grah. 

S.  revolutus ;  caule  terete,  erecto,  parce  ramoso,  ramis  villosis, flexuosis ; 
folds  alteniis,  broviter  petiolatis,  rugosis,  rigidis,  cordato-ovatis,  acu- 
minatis,  superioribus  apicc  revolutis,  supra  scabrosis,  subtus  pubes- 
centibus,  m.arginibus  reflexis,  simpliciter  dent.atis;  pedicellis  folio 
brevioribus,  tubo  calycis  turbinato-hcmisphmrico,  lobis  subulatis,  di- 
vergentibus  demidio  breviore ;  corolla  calycibus  5“  loiigiore,  exteme 
villosiusculo,  tubo  base  apieeque  constricto,  liinlio  sulxccjualiter  5-fido, 
lobis  lauceolatis  superioribus  rcctis,  aliis  reflexis,  interno  pilusiuscu- 
lis. 

Description. — Stem  erect,  round,  sparingly  branched ;  branches  zigzag, 
villous,  green.  Leaves  alternate,  on  short  stout  channelled  petioles, 
rigid,  wrinkled,  spreading  wide,  diirk  green,  and  rough,  with  very  short 
hairs  above,  lighter  and  villous  below,  cordato-ovate,  acuminate,  the 
apex  of  the  upper  ones  rcvolute,  the  edges  reflexed,  simply  dentate ; 
middle  rib  and  veins  very  prominent  below,  channelled  above.  Pe¬ 
duncles  solitary,  axillary,  eiect,  half  as  long  as  the  leaves,  villous,  with¬ 
out  bracts.  Calyx  green,  villous,  tube  turbinato-hcmispherical,  with  ten 
strong  ribs,  and  as  many  round  glands  between  the  apices  of  these ;  limb 
S-partite,  segments  twice  as  long  as  the  tube,  subulate,  diverging  at  the 
apex.  Corolla  five  times  as  long  as  the  calyx,  purplish-red ;  tube  en¬ 
tire,  slightly  deflexed,  contractcsl  at  the  throat,  and  for  a  space  equal  to 
the  length  of  the  calyx  s^ments  at  the  base,  where  it  is  deeply  marked 
by  five  grooves,  in  tlie  centre  inflated  and  compressed  laterally ;  limb 
5-partite,  segments  subequal,  linear-lanceolate,  acute,  slightly  hairy 
within,  the  two  upper  striught  and  paler  within,  the  lateral  one  spread¬ 
ing  or  reflexed,  slightly  falcate  downwards,  the  lowest  revolute,  and,  as 
well  os  the  lateral  ones,  nearly  white.  Stamens  as  long  as  the  corolla ; 
filaments  inserted  along  with  this  into  the  top  of  the  calyx,  adhering  to 
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tho  tube  as  far  up  as  the  extent  of  the  contracted  portion  at  the  base, 
above  this  uniting  into  a  tube, red  and  glabrous;  anthers  leaden-colour¬ 
ed,  cohering  into  a  curved  tube,  the  two  lower  bearded  with  white  hairs 
,  at  the  apex,  the  three  upper  having  a  very  few  similar  hairs  in  the  com¬ 
missures.  Style  incased  by  the  stamens,  projecting  beyond  the  an¬ 
thers,  glabrous,  rod  ;  itiyma  of  two  blunt  revolute  lobes  ;  germen  infe¬ 
rior,  green,  glabrous,  and  with  a  free  conical  apex,  bilocular ;  ovules  very 
numerous,  small,  on  large  central  placentaj. 

Seedling  plants  of  this  species  were  received  at  the  garden  of  the  Caledo¬ 
nian  Horticultural  Society  from  Mr  Low  of  Clapton  in  September 
1839.  They  grew  to  the  height  of  five  feet  last  year  in  the  stove  with¬ 
out  flowering ;  cuttings  were  formed,  these  rooted  readily,  and,  when  of 
a  small  size,  flowered  in  February  1041.  We  possess  the  plant  at  the 
Botanic  Ganlen,  also  from  Mr  Low.  It  is  kept  in  the  greenhouse,  and 
is  very  healthy,  but  has  not  yet  come  into  flower.  Neither  with  us  nor 
in  the  Society’s  Garden,  has  it  received  any  particular  soil  or  treatment. 

This  is  a  true  Siphocampylus,  and  altogether  unlike  the  plants  known  in 
cultivation,  as  Siphicami/ylut  bkolor  and  S.  Cavanillcm,  which  are  true 
Lobelias. 
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1840,  December  7. — Sir  T.  M.  Brisbane,  Bart.,  President, 
in  the  Chair.  Tlie  following  communications  tvere  read : — 

1.  On  certain  Physiological  inferences  which  may  be  drawn 

from  the  study  of  the  Nerves  of  the  Eyeball.  By  Dr 
Alison.  Part  First. 

2.  On  the  Plane  and  Angle  of  Polarization  at  the  Surfaces  of 

Crystals.  By  Professor  Kelland. 

December  2\. — The  Right  Hon.  Lord  Greenock,  V.  P.  in 
the  Chair.  The  following  Communications  were  read : — 

1.  On  the  Polarization  of  the  Chemical  Rays  of  Light,  by 

Dr  Sutherland,  Liverpool.  Communicated  by  the 
Secretary. 

2.  On  the  Nutrition  of  Vegetables,  by  Dr  II.  R.  Madden, 

Penicuik.  Part  First.  Communicated  by  Dr  Christison. 

The  object  of  tho  author  in  this  part  of  his  investigation,  is  to 
shew  til  at  the  portion  of  tho  food  of  plants  which  they  receive  from 
the  soil,  and  which  he  endeavours  to  prove  is  chemically  combined 
with  it, — although  to  appearance  generically  the  same  in  all  soils, — 
is  not  composed,  as  some  imagine,  of  one  single  proximate  principle, 
the  same  in  all  cireumstances,  but  consists  of  several  principles  va¬ 
rying  in  their  respective  proportions  in  different  soils.  And  he  far- 
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tlier  attempts  to  establish  the  general  proposition,  that  the  varying 
proportion  of  these  principles  may  bo  one  great  cause  of  the  relative 
fitness  of  dltferent  kinds  cf  soil  for  the  cultivation  or  nourishment  of 
different  kinds  of  vegetables. 

In  the  course  of  explaining  these  views,  which  were  supported 
chiefly  by  speculative  considerations,  but  which  the  author  hopes  to 
confirm  by  experimental  researches  in  which  he  is  now  engaged,  he  had 
occasion  to  refer  to  the  doctrine  recently  advanced  by  Liebig,  that  the 
relative  fitness  of  different  soils  to  different  plants  seems  to  depend, 
not  on  the  organic  matter  contained  in  them,  but  in  a  great  measure 
on  their  relative  composition  as  to  saline  ingredients  corresponding  or 
not  corresponding  with  the  composition  and  amount  of  saline  ingre¬ 
dients  in  plants.  The  author  controverts  this  proposition,  and  en¬ 
deavours  to  prove  by  reference  to  the  composition  of  those  soils  in 
which  wheat  reciprocally  thrives  or  languishes,  that  Liebig’s  doc¬ 
trine  is  untenable.  It  is  well  known  that  a  sandy  soil,  which,  after 
one  process  of  manuring,  will  raise  in  succession  an  excellent  crop  of 
turnips,  barley,  hay,  and  oats,  nevertheless  does  not  answer  at  all 
well  for  wheat ; — which,  on  the  contrary,  produces  most  abundantly 
on  a  clayey  soil.  Liebig  holds  the  cause  of  this  difference  to  be, 
that  in  sandy  soils  there  is  not  enough  of  the  saline  ingredients, 
more  especially  of  potash-salts,  which  arc  essential  to  the  constitu¬ 
tion  of  wheat.  The  author  proves,  however,  by  calculations  founded 
partly  on  experiments  by  Liebig  himself,  and  partly  on  experimental 
researches  of  his  own,  that  sandy  soil,  after  being  properly  treated 
with  farm-yard  manure,  not  only  contains  a  much  larger  amount  of 
saline  matters,  including  potash-salts,  than  is  required  for  the  consti¬ 
tution  of  a  superior  crop  of  wheat-straw  and  grain,  but  likewise,  that 
it  actually  supplies  three  times  the  quantity  of  salts,  and  among  these, 
three  times  the  quantity  of  potash,  required  for  a  fine  wheat  crop,  to 
the  turnips,  barley,  hay,  and  oats  successively  raised  on  it,  and  near¬ 
ly  double  the  quantity  of  potash  necessary  for  the  wheat  to  the  tur¬ 
nips  alone.  These  facts  will  appear  from  the  following  table : — 
Salts  in  an  imperial  acre  of-— 


Wheat,  . 

. 

Total  Salts. 

.  8o8.3  lb. 

Potash. 

60.  lb. 

The  crops  of  a  rota-  •> 

1  Turnips, 

.  . 

.  380.7  ... 

92.4  ... 

tion  after  a  single  1 

1  Barley,  . 

. 

.  310.0  ... 

40.0  .. 

application  of  ma-  | 

(Hay,  . 

. 

.  200.0  ... 

20.0  . 

nure,  viz. ^ 

'  Outs, 

• 

.  207.0  ... 

20.0  .. 

Total 


1106.7... 


172.4... 
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3.  On  the  Fossil  Fishes  of  the  Old  Red  Sandstone  of  Ork¬ 

ney.  By  Dr  Traill. 

4.  Mr  Milne  made  a  verbal  communication  respecting  Instru¬ 

ments  for  registering  Shocks  of  Earthquakes, 

1841,  January  4. — Dr  Abercrombie,  V.P.  in  the  Chair. 
The  following  Communication  was  read : — 

1.  On  certain  Physiological  Inferences  which  may  be  drawn 
from  the  study  of  the  Nerves  of  the  Eyeball.  By  Dr 
Alison.  Part  Second. 

January  18. — The  Right  Hon.  Lord  Greenock,  V.P.  in  the 
Chair.  The  following  Communications  were  read : — 

1.  On  the  Mode  in  which  Musket-balls  and  other  Foreign  Bo¬ 
dies  become  enclosed  in  the  Ivory  of  the  Tusk  of  the  Ele¬ 
phant.  By  John  Goodsir,  Esq.  Communicated  by  Pro¬ 
fessor  Syme. 

The  author  commenced  by  stating,  that  “  in  all  the  specimens 
he  had  examined,  two  circumstances  were  at  once  detected  ;  first. 
That  the  balls  were  enclosed,  not  in  the  true  ivory,  but  in  an  ab¬ 
normal  structure  ;  and  secondly,  that  the  holes  by  which  the  balls 
entered  were  either  partially  or  completely  cicatrized  in  cases  of 
wound  of  the  socket ;  which  led  him  to  suppose  that,  as  the  tusk 
is  an  organ  of  double  growth,  the  membrane  of  the  follicle  and 
the  pulp  both  play  important  parts  in  the  process  of  enclosure, 
and  that  there  is  no  regeneration  of  true  ivory, — an  hypothesis 
which  was  afterwards  verified  by  observation.  From  a  conside¬ 
ration  of  the  opinions  of  Camper,  Blumenbach,  Lawrence,  and 
Cuvier,  it  appeared  that  doubts  are  entertained  as  to  the  existence 
of  cicatrices  after  wounds  of  the  tusk,  and  opinions  held  as  to  the 
impossibility  of  the  occurrence  of  such  phenomena  in  a  non-vas- 
cular  substance  like  ivory.  To  investigate  this  subject  with  suc¬ 
cess,  two  jirinciples  must  be  kept  in  view :  first,  that  a  tusk  is 
formed  from  within  outwards,  as  well  as  from  without  inwards ; 
and  secondly,  that  the  ivory  and  cement  are  never  changed  by 
vital  action  in  form  or  substance,  after  their  original  deposition.” 
With  these  two  principles,  the  author  proceeded  to  explain  the 
healing  of  different  wounds  of  the  tusk,  and  the  mode  of  enclosure 
of  balls  and  other  foreign  bodies,  by  describing  in  detail  the  de- 
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velopment  and  structure  of  the  bony  mass  wliich  appears  in  the 
pulp  after  wounds.  Ho  stated,  1.  That  wounds  of  the  surface  of 
the  pulp  are  followed  by  ossification  round  the  injury ;  2.  That 
the  track  of  a  ball  across  the  pulp  ossifies  at  the  two  extremities, 
but  not  necessarily  in  the  rest  of  its  extent ;  3.  That  the  track  os¬ 
sifies  when  abscess  ensues,  or  when  it  becomes  fistulous ;  and  4. 
That  balls  and  foreign  bodies  are  always  enclosed  in  a  mass  of 
ossified  pulp.  This  ossified  pulp,  when  examined  in  thin  sec¬ 
tions  under  the  microscope,  presents  a  formation  identical  with 
the  irregular  ivory  which  fills  the  pulp  cavity  of  the  tusks  of  the 
walrus,  and  the  tusk  of  the  cetacea,  and  consists  of  anastomosing 
Haversian  canals,  secondary  medullary  canals,  and  wavy  bundles 
of  Retzian  tubes.  These  canals  and  tubes  are  situate  in  a  clear 
matrix,  in  which  there  are  occasional  patches  of  coarse  cells, 
through  the  medium  of  which  the  bundles  of  Retzian  tubes  com¬ 
municate  with  one  another,  and  with  the  tubes  of  the  regular 
ivory.  The  formation  of  the  irregular  ivory  which  surrounds 
wounds,  abscesses,  and  foreign  bodies  in  the  pulp,  does  not  pro¬ 
ceed  indefinitely,  but  is  limited  by  the  closing  up  of  the  orifices 
of  the  Haversian  canals,  and  the  consequent  separation  of  their 
contained  ramifying  pulp  from  the  general  system.  The  irregular 
ivory  is  then,  in  reference  to  the  general  pulp  of  the  tusk,  in  the 
same  relation  as  the  regular  ivory,  and  at  length  becomes  enclosed 
in  the  latter  by  the  transformation  of  the  pulp  on  its  surface.  It 
was  then  stated  that  foreign  bodies  enter  the  pulp  in  three  ways ; 
1.  Through  the  base  of  the  pulp,  without  wounding  the  ivory  ;  2. 
Through  the  free  portion  of  the  ivory ;  and  3.  Through  the  sides 
of  the  socket.  A  case  of  the  first  kind  is  described  by  Mr  Combe 
in  the  Philosophical  Transactions.  Wounds  of  the  second  kind, 
when  there  is  no  trace  of  the  track  of  the  ball,  have,  with  the  ex¬ 
ception  of  the  formation  of  the  irregular  ivory,  been  sufficiently 
explained  by  former  authors.  In  reference  to  wounds  of  the  third 
kind,  Mr  Goodsir  demonstrated  that  cicatrices,  partial  and  com¬ 
plete,  do  occur,  and  that  they  are  produced  by  the  plugging  up  of 
the  hole  from  within  by  irregular  ivory  or  ossified  pulp,  and  from 
without  by  cement  formed  by  the  membrane  of  the  follicle.  In 
conclusion,  it  was  stated  that  every  case  of  wound,  fracture,  and 
enclosure  of  foreign  bodies  in  ivory,  might  be  explained  by  the 
facts,  that  a  tusk  was  an  organ  of  double  growth,  and  that  its 
follicle  played  an  important  part  in  the  healing  of  wounds  through 
the  socket. 
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2.  On  the  Theory  of  Waves.  Part  II.  By  Professor  Kelland* 

3.  Analysis  of  Berg-Meal  from  Umea  Lapmark.  By  Dr 
Traill. 

Professor  Traill  gave  an  account  of  the  composition  of  a  sub¬ 
stance  brought  under  the  name  of  Berg-Meal  from  Swedish  Lap- 
mark  by  Mr  Laing  in  1838.  It  was  found  just  under  a  bed  of  de¬ 
cayed  mosses,  forty  miles  above  Dcgersfors,  in  Umea  Lapmark. 
When  examined  by  the  microscope,  it  was  found  to  consist  of  several 
species  of  minute  organic  remains,  w'hich  Ehrenberg  has  consi¬ 
dered  as  the  siliceous  skeletons  of  infusoria ;  the  largest  measured 
from  0.006  to  0.0003  of  an  inch.  On  analysis,  Ur  T.  obtained 
22  per  cent,  of  organic  matter,  entirely  destructible  by  a  red  heat ; 
and  he  found  the  snow-white  residue,  which  still  retained  the  mi¬ 
croscopic  forms,  to  consist  of  71.13  of  silica,  5.31  alumina,  and 
0.15  oxide  of  iron.  lie  considers  the  organic  matter  and  the  si¬ 
lica,  as  the  essential  ingredients,  and  the  others  probably  as  ac¬ 
cidental.  As  a  mixture  with  food,  the  quantity  of  organic  mat¬ 
ter  in  the  Berg-Meal  gives  it  a  preference  over  the  steatites  and 
clays  used  for  a  similar  purpose  by  some  rude  tribes. 

February  1. — Dr  Abercrombie,  V.  P.  in  the  Chau’.  The 
following  communications  were  read  : — 

1.  On  the  force  of  Solar  Radiation  in  the  Arctic  Regions,  by 

Dr  Richardson.  Communicated  by  the  Secretary. 

2.  An  attempt  to  reconcile  the  Theories  of  the  Debacle  and 

the  Action  of  Glaciers,  in  accounting  for  the  Distribution 
of  Erratic  Blocks.  By  Sir  G.  S.  Mackenzie,  Bart. 

The  author  commenced  by  alluding  to  the  disposition  of  geo¬ 
logists  to  draw  conclusions  of  a  general  nature  too  hastily  from  the 
facts  obseiwed  by  them,  illustrating  this  remark  by  referring  to  the 
various  opinions  successively  promulgated,  not  only  by  geologists 
generally,  but  even  by  the  same  geological  writer,  on  the  subject 
of  the  till  or  boulder  clay,  the  gravel,  and  sand,  by  which  Great 
Britain  is  every  where  more  or  less  covered.  At  one  period,  all 
these  superficial  deposits  wore  referred  to  the  action  of  water  alone  ; 
now  it  is  the  fashion  to  explain  them  by  the  agency  of  glaciers. 

In  treating  of  the  appearances  presented  by  these  deposits,  the 
author  observes,  that  those  which  at  first  sight  might  be  thought 
to  indicate  tranquil  deposition  from  water,  might  in  reality  be  duo 
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to  a  different  cause.  There  is  sometimes  the  semblance  of  stratifi* 
cation,  which  arises  from  an  internal  movement  and  segregation 
of  the  different  matters  in  the  mass.  As  a  proof  that  this  phe¬ 
nomenon  does  often  occur,  the  author  mentioned  that,  in  the  old 
ramparts  of  Tours  formed  originally  of  rubbish,  ho  observed  that 
in  a  part  where  they  were  cut  across  to  form  a  road,  the  materials 
had  so  arranged  themselves  as  to  exhibit  stratified  beds. 

The  author  docs  not  offer  any  positive  opinion  as  to  the  truth 
of  the  theory,  which  implies  that  the  above-mentioned  superficial 
deposits  are  duo  to  the  erosion  and  movement  of  glaciers  covering 
the  whole  surface  of  the  country.  He  mentions,  however,  one  lo¬ 
cality  in  Ross-shiro,  where  there  are  appearances  on  the  lateral 
rocks  of  a  valley  strongly  indicative  of  glacial  erosion. 

On  the  supposition  that  there  are  phenomena  which  indicate 
the  action  of  water  as  well  as  of  ice,  in  the  formation  of  these  su¬ 
perficial  deposits,  the  author  states  the  view  which  occurred  to  him, 
for  embracing  both  of  those  agents,  to  bo  as  follows: — Ho  supposes 
that  a  volcanic  eruption  took  place  in  the  Icy  Sea,  some  where  to 
the  north-west  of  the  British  Islands,  which  had  the  effect  of  break¬ 
ing  up  the  ice  along  the  coasts,  and  that  icebergs  or  sheets  of  ico 
loaded  with  cargoes  of  boulders,  clay,  and  gravel,  were  driven  or 
floated  over  the  British  Islands,  where  they  dropped  their  cargoes, 
and,  in  many  instances,  stranded  on  the  hill  tops.  At  this  period, 
the  author  supposes  that  the  relative  levels  of  land  and  sea  wore 
very  different  from  what  they  are  at  present,  a  great  part  of  the  Bri¬ 
tish  Islands  being  then  submerged.  This  theory,  the  author  stated, 
was  not  the  result  of  much  reflection  or  observation,  and  he  merely 
threw  it  out  for  the  consideration  of  geologists. 

3.  Contributions  to  Optical  Meteorology.  No.  I.  On  the  Po¬ 
larization  of  the  Light  of  the  Sky.  By  Professor  Forbes. 

The  author  began  by  recapitulating  the  observations  already  made 
known  on  this  subject. 

The  facts  generally  admitted  (principally  on  the  authority  of  M. 
Arago)  appear  to  bo,  (1.)  That  a  clear  sky  reflects  light  polarized  in 
planes  passing  through  the  sun,  the  eye  of  the  observer,  and  the  point 
of  the  sky  observed.  (2.)  That  this  polarization  is  a  maximum  in  a 
zone  90°  from  the  sun.  (3.)  That  in  the  parts  of  the  sky  nearly  op¬ 
posite  to  the  sun,  this  description  ceases  to  be  accurate  ;  for  the  po¬ 
larization,  in  a  vertical  plane  passing  through  the  sun  and  the  ob¬ 
server,  vanishes  at  an  angle  with  the  sun  considerably  less  than  180°, 
— perhaps  150°  or  160°  (varying  according  to  cu’cuinstances), —  and 
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gradually  reappears  in  a  plane  perpendicular  to  the  former,  at  greater 
angles  than  this.  (4.)  That  the  polarization  is  more  intense  in  tUo 
neighbourhood  of  the  horizon  than  of  the  zenith.  (5.)  M.  Babinct 
has  recently  remarked  that,  under  certain  circumstances,  there  is  a 
second  neutral  point  in  the  neighbourhood  of  the  sun. 

Professor  Forbes  has  verified  these  facts  in  nearly  every  particular, 
by  the  aid  of  a  modification  of  Savart's  polariscopc,  constructed  of 
two  plates  of  quartz,  peculiarly  cut  and  combined,  together  with  Mr 
Nicol’s  single-image  calc-spar  prism,  which  the  author  has  substi¬ 
tuted  with  great  advantage  for  the  tourmaline  commonly  used  in 
France. 

With  this  instrument  he  finds,  (1.)  That  a  uniformly  cloudy  sky 
exhibits  distinct  traces  of  polarization.  (2.)  That  rain-clouds  geno- 
rally  polarize  light ;  but  not,  so  far  as  ho  has  observed,  those  charged 
with  snow.  (3.)  That  the  common  rainbow  entirely  vanishes  in  one 
position  of  Nicol’s  prism  (the  fact  of  its  polarization  was  discovci  ed 
by  Biot).  (4.)  That  the  polarization  of  moonlight  reflected  by  the 
sky  is  very  sensible,  and  likewise  the  diffuse  light,  or  hyirr,  which 
surrounds  the  moon  in  cloudy  weather.  (5.)  That  the  light  reflected 
from  dry  clear  air,  between  the  observer  and  objects  a  mile  distant, 
is  sensibly  polarized. 

With  respect  to  the  planes  of  polarization  of  skylight,  he  considers 
that  they  may  be  represented  by  a  fiction  of  this  kind :  That  there  is 
a  certain  amount  of  polarization  duo  to  the  regular  reflection  of  sun¬ 
light  from  the  sky  in  meridional  planes  passing  through  the  sun  and 
the  observer ;  the  polarization  being  most  intense  towards  azimuth 
90°,  and  vanishing  at  0°  and  180°.  Combined  with  this  polarization 
is  another,  distinct  from  it,  and  represented  by  a  more  intense  effect 
due  to  reflection  parallel  to  the  plane  of  the  horizon  in  all  azimuths, 
which  unites  with,  modifies,  and  even  overpowers  tho  regular  polari¬ 
zation  in  meridional  planes  just  referred  to. 

The  result  will  be  the  composition  of  the  effects  of  the  reflection 
of  light  at  a  concave  spherical  surface  having  the  sun  for  one  pole, 
with  that  duo  to  reflection  at  a  cylindrical  surface  perpendicular  to 
the  horizon. 

If  tho  latter  be  tolerably  uniform  in  all  azimuths,  it  will  evidently 
overpower  and  replace  tho  former  in  points  nearly  opposite  to  tho 
sun,  and  which  become  visible  when  the  sun  is  low. 

The  author  stated  his  conception  of  the  physical  cause  for  such  an 
arrangement  of  the  planes  of  polarization  to  be,  that  whilst,  at  con¬ 
siderable  elevations,  tho  number  of  reflecting  particles  is  not  so  great 
as  near  the  horizon,  tho  effect  due  to  a  single  reflection  will  be  the 
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less  intense ;  and,  consequently,  the  horizontal  reflection  is  generally 
stronger  than  that  in  any  other  plane.  But  further  than  this,  many 
familiar  facts  shew  that  tho  horizontal  vapours  (or  opaque  particles, 
of  whatever  kind  they  bo,  which  occur  in  air),  are,  like  a  sheet  of 
I)aper,  capable  of  receiving  light  and  of  omitting  it,  not  necessarily  in 
the  plane  of  reflection  ;  and  such  light,  after  scvmxf  reflections  nearly 
parallel  to  the  horizon  and  completely  encircling  it, — as  wo  often  see 
it  do  when  a  slight  whitish  haze  is  visible  all  round, — reaches  tho 
eye,  much  enfeebled,  no  doubt,  by  numerous  reflections,  but  more  in¬ 
tensely  polarized  on  that  account,  and  reinforced  by  the  number  of 
tho  reflecting  particles.  The  lights  thus  irregularly  reflected  or 
emitted  by  the  horizontal  strata  of  air,  and  again  regularly  reflected 
by  other  particles  in  the  same  strata,  will  come  to  the  eye  more  or 
less  polarized  in  planes  parallel  to  the  horizon.  A  similar  action  will 
produce  M.  Babinct’s  second  neutral  point  towards  sunset ;  and  Mr 
Forbes  has  remarked  generally,  after  sunset,  that  the  planes  of  pola¬ 
rization  no  longer  converge  accurately  to  the  luminary,  but  are  more 
or  less  twisted  into  a  forced  parallelism  to  tho  horizon. 

February  15. — Dr  AnERCROjinY,  V.P.  in  the  Chair.  The 
following  communications  Avere  read  : — 

1.  Farther  Researches  on  the  Voltaic  Decomposition  of  Aque¬ 

ous  and  Alcoholic  Solutions.  By  Professor  Connell. 

2.  On  the  Preparation  of  Paracyanogen,  and  the  Isomerism 

of  Cyanogen  and  Paracyanogen.  By  Samuel  Brown,  M.D. 

Communicated  by  Dr  Christison. 

After  a  short  statement  of  tho  discovery  of  paracyanogen  by  Pro¬ 
fessor  Johnston,  and  of  its  le.ading  properties,  the  author  proceeded 
to  shew  how,  with  certain  precautions,  cyanogen  may  bo  converted 
entirely,  or  nearly  so,  into  the  isomeric  form  paracyanogen.  This 
he  accomplished  by  exposing  bicyanide  of  mercury  sudtlcnly  to  tho 
temperature  most  favourable  to  the  production  of  paracyanogen,  which 
he  found  to  be  a  low  red  heat,  and  employing  also  jiressure,  by  con¬ 
fining  the  cyanogen  gas  which  is  at  first  expelled.  By  these  means 
ho  succeeded  in  resolving  the  salt  almost  entirely  into  mercury  and 
paracyanogen,  the  latter  of  which  amounted  in  some  trials  to  more 
than  nine-tenths  of  the  cyanogen  contained  in  the  bicyanide.  The  pres¬ 
sure  required  was  not  quite  two  atmospheres,  namely  1.74. 

Tho  author  further  stated,  that  he  had  succeeded  in  proving  that 
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paracyanogen  once  formed  cannot  be  again  converted  into  cyanogen. 
Professor  Johnston  supposed  the  contrary,  because  ho  obtained  cyano¬ 
gen  gas  by  exposing  paracyanogen  to  a  strong  heat.  But  the  author 
found  that  this  arose  from  the  latter  having  retained  some  cyanogen 
by  absorption,  that  after  the  absorbed  gas  is  removed  heat  subse¬ 
quently  expels  nitrogen  only,  and  that  the  same  result  is  obtained 
from  the  first  by  using  pure  paracyanogen,  prepared  by  dissolving  the 
impure  substance  in  concentrated  sulphuric  acid,  and  separating  it  in 
a  state  of  purity  by  leaving  the  acid  exposed  to  the  air  so  as  to  attract 
humidity. 

To  these  facts  the  author  added  some  views  as  to  the  composition 
of  cyanogen  and  paracyanogen,  and  their  relation  to  one  another.  In 
order  to  account  for  the  exceeding  difference  in  properties  prevailing 
between  these  two  bodies,  which  appear  nevertheless  to  consist  of 
the  same  relative  proportions  of  the  same  elements, — chemists  gene¬ 
rally  consider  the  former  to  consist  of  one  equivalent  of  carbon  and 
two  of  nitrogen  (N  C*)  and  the  latter  of  two  equivalents  of  the  for¬ 
mer  and  four  of  the  latter  (N*  C^).  But  the  author  endeavours  to 
shew  that  the  true  constitution  of  paracyanogen  is  that  in  which  it  is 
regarded  as  a  compound  of  two  equivalents  of  cyanogen,  that  is,  of 
two  “  equal  and  similar  atoms”  of  the  same  body. 

In  conclusion,  the  author  proceeded  to  apply  these  views  to  the 
constitution  of  the  simple  or  elementary  bodies  ;  and  endeavoured  to 
shew  that  there  is  nothing  unreasonable  in  the  supposition,  that, — as 
chemists  are  now  acquainted  with  various  instances  of  compound 
bodies  which  have  widely  different  forms,  different  physical  proper¬ 
ties  in  general,  and  different  chemical  relations,  although  agreeing 
exactly  in  their  intimate  constitution, — so,  in  like  manner,  some  of 
those  bodies,  which  are  at  present  accounted  elements  distinct  from 
one  another,  may  really  be  isomeric,  that  is,  different  forms  of  one 
common  element.  And  ho  stated  that  he  hoped  to  bo  able  to  adduce 
experimental  evidence  of  such  being  the  fact  with  two  of  the  most 
familiar  of  the  elements,  which  until  now  have  been  considered  wholly 
distinct.” 

3.  A  notice  was  communicated  by  Mr  Mylne  from  Joseph 
Atkinson,  Esq.  of  results  obtained  with  Rain-Gauges  of 
different  forms. 
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January  9. 1841. — David  Faloonar,  Esq.  in  tlic  Cbair.  The  Assistant- 
Secretary  read  a  paper  by  Professor  Gustav  Biscliof,  of  Bonn,  on  the 
employment  of  the  Safety-Lamp  in  the  Coal-Mines  of  Germany  (pub¬ 
lished  in  this  Xo.  of  the  Journal,  p.  378). 

Mr  Goodsir  exhibited  a  series  of  preparations  illustrative  of  the  Ana¬ 
tomy  of  the  Tunicated  Mollusca,  and  demonstrated  the  arrangement  and 
structure  of  the  various  systems  of  organs  in  this  famil}-,  alluding  parti¬ 
cularly  to  the  great  vaseularity  of  all  the  tissues,  as  displayed  by  minute 
injection.  He  directed  the  attention  of  the  Society  to  one  preparation 
in  particular,  consisting  of  the  test  of  the  Phallusia  vulgaris,  in  which  so 
many  vessels  were  injected  that  it  had  assumed  a  bright  vermilion  tint, 
particularly  in  those  places  where  stones,  shells,  or  conil  lines,  were  em¬ 
bedded  in,  or  adhered  to  it.  Baron  Cuvier  had  pointed  out  the  origin 
and  trunks  of  these  vessels,  but  the  test  itself  has  not  generally  been 
looked  upon  as  a  highly  organized  structure.  These  preparations  arc 
deposited  in  the  Anatomical  Museum  of  the  University. 

Notices  were  then  read  on  traces  of  ancient  glaciers  in  the  south  of 
Scotland,  and  on  the  occurrence  of  some  remarkable  fossil  trees  near 
Manchester. 

January  23. — Professor  Jameson,  P.  in  the  Chair.  Mr  Vi  jilfer  C.  Tre¬ 
velyan  read  an  account  of  the  habits  of  some  tame  Eels.  In  a  small 
pond  in  a  walled  garden  at  Craigo,  the  seat  of  David  Carnegie,  Esq. 
near  Montrose,  these  Eels  have  been  kept  for  nine  or  ten  years.  They 
lie  torpid  during  the  whole  winter,  except  the  sun  be  shining  bright, 
when  they  will  occasionally  come  out  from  their  hiding-place  under 
some  loose  stones,  and  sprawl  about  the  bottom  of  the  pond,  but  re¬ 
fuse  to  take  any  food.  The  2Cth  April  was  the  first  day  in  1840  that 
they  rose  for  worms,  but  they  cat  sparingly  until  the  warm  weather 
begins,  when  they  become  quite  insatiable ;  one  of  them  will  then 
swallow  twenty-seven  large  worms  one  after  the  other.  When  they 
were  first  put  into  the  pond,  and  had  no  food  given  to  them,  they 
devoured  one  another.  They  generally  lie  quietly  at  the  bottom  of  die 
pond,  except  when  any  of  the  family  go  and  look  into  it,  when  they  in¬ 
stantly  rise  to  the  surface,  sometimes  for  food,  and  at  others  merely  to 
play  with  the  hand  or  take  the  fingers  in  their  mouths.  About  the  month 
of  August  they  become  very  restless,  andtakcevery  opportunity  of  thepond 
overflowing  from  rain  to  get  out ;  when  sought  for  in  the  garden,  on  these 
occasions,  they  are  invariably  found  travelling  eastwards  (the  direction 
of  the  sea,  which  is  about  four  miles  from  Craigo).  Towards  the  end  of 
August  or  beginning  of  September,  they  retire  to  their  winter  retreat  un¬ 
der  the  stones.  W  hether  they  breed  in  this  pond  or  not  is  uncertain, 
but  on  clearing  it  out  last  summer  a  few  very  small  eels  were  discovered, 
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and  liow  else  tlicy  could  have  found  their  way  there  is  not  easy  to  con¬ 
jecture,  as  there  is  a  fine  rose  on  the  mouth  of  the  pipe  by  which  the 
water  enters.  From  their  rapacity  shewn  in  devouring  their  companions, 
some  gold  fish,  it  is  possible  they  may  eat  the  greater  part  of  their  own 
small  fry. 

A  communication  was  made  b)'  Messrs  Forbes  and  Goodsir  on  the 
Natural  History  and  Anatomy  of  Thalasscma  and  Eehiurus  (published  in 
tills  No.  of  the  Journal,  p.  369). 

Mr  Forbes  read  a  paper  on  Knpnea,  a  new  genus  of  Actiniadee.  Mr  For¬ 
bes  constituted  this  genus  for  the  reception  of  an  actinia  dredged  up 
from  deep  water  in  the  Irish  Sea.  The  genus  he  defined  :  Kapnea 
(  «a!r»u,  a  chimney),  body  cylindric.al,  invested  in  part  by  an  8-cleft  cpider  • 
mis,  and  adhering  by  a  broad  base.  Tentacula  simple,  retractile,  very 
short,  tubercular,  surrounding  the  mouth  in  three  series.  Species 
Kapnea  sanguinea,  Forbes.  Tentacula  16  in  each  series;  body  and 
disk  scarlet ;  epidermis  brown ;  hab.  among  Millepora  in  deep  water, 
Irish  Sea.  Mr  Forbes  considered  the  regular  form  of  the  epidermis 
as  an  imperfect  tube,  and  remarked  that  the  clefts  in  this  tube  and 
the  number  of  the  tentacula  were  multiples  of  four,  which  he  considered 
as  the  typical  number  of  the  Actiniadm. 

The  President  laid  on  the  table  various  Meteorological  Registers ;  and 
exhibited  a  fine  specimen  of  the  Chimsera  Fish  from  Cuba :  of  a  Hen 
having  the  complete  male  plumage,  and  which  laid  several  eggs  after 
having  undergone  the  change ;  and  of  a  large  Female  Duck,  species  un¬ 
known,  but  allied  to  the  eider,  procured  in  the  Edinburgh  market. 

February  20. — Dr  Robert  Hamilton,  V.  P.  in  the  Chair.  Dr  Traill  read 
a  memoir  of  the  life  and  writings  of  the  Rev.  George  Low,  minister  of 
Rirsay,  author  of  the  Fauna  Orcadensis.  Various  very  interesting  ori¬ 
ginal  MS.  volumes,  which  fortunately  had  been  obtained  from  various 
sources,  bj-  the  zeal  and  perseverance  of  Dr  Traill,  were  exhibited;  and 
these  enabled  the  author  to  throw  much  light  on  the  scientific  history 
of  the  subject  of  the  biograph}’. 

Mr  Goodsir  exhibited  and  described  a  new  species  of  Gymnorhynchus 
(Gymnorhynchus  horridus,  Goodsir),  from  the  liver  of  the  Sun-fish. 
This  species  is  characterized  by  an  additional  and  separate  circle  of 
large  curved  hooks  on  each  of  the  four  proboscides.  Many  specimens 
were  found  alive  and  active,  eight  days  after  the  death  of  the  fish,  and 
they  were  alt  enclosed  in  elongated  sacs  or  sheaths,  consisting  of  an  outer 
cellular  and  an  inner  serous-like  tunic.  Mr  Goodsir  alluded  at  some 
length  to  the  remarkable  circumstances  connected  with  the  cysts  enclos¬ 
ing  many  of  the  entozoa,  and  stated  as  his  opinion,  that,  as  in  the  pre¬ 
sent  instance,  certain  of  them  could  hardly  be  considered  .os  the  result  of 
irritation.  He  hazarded  the  opinion  that  the  internal  smooth  tunic  might 
be  a  persistent  portion  of  the  ovum  of  the  entozoa, — a  hypothesis  not 
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consistent  with  the  laws  of  development,  or  with  any  of  the  conditions 
of  animal  existence. 

March  0. — Dr  Hamilton,  V.  P.  iii  the  Chair.  A  communication  was 
read  by  Dr  Neill  from  Professor  Fleming'  of  King’s  College,  Aberdeen, 
on  a  species  of  Raia  new  to  the  British  Fauna,  and  illustrative  drawings 
were  exhibited. 


SCIENTIFIC  INTELLIGENCE. 

GEOLOGY  AND  MINERALOGY. 

1.  Dr  liuckland  on  the  .Agency  of  Animalcules  in  the  For¬ 
mation  of  Limestone. — At  a  recent  meeting  of  the  Ashmolean 
Society  of  Oxford,  Dr  Auckland  read  a  paper  on  this  subject. 
He  began  with  exhibiting  some  polished  thin  slices  of  Stones- 
field  slate,  lately  presented  to  him  by  Mr  Tenant,  which  Mr 
Darker  has  discovered  to  be  crowded  with  micTOScopic  shells  ; 
he  also  announced  that  Mr  Darker  and  Mr  Tenant  have  dis¬ 
covered  microscopic  shells  to  abound  in  thin  slices  of  cei’tain 
strata  of  Derbyshire  limestone,  and  proceeded  to  discuss  the 
question,  how  far  the  abundant  occurrences  of  such  remains 
in  the  carboniferous  and  oolitic  limestones,  and  in  the  chalk 
and  tertiary  formations,  justifies  the  revival,  which  has  been 
attempted  since  the  microscopic  discoveries  of  Ehrcnberg,  of 
the  old  and  false  dogma — omnis  calx  e  vermibus,  omnis  silex  e 
vermiius,  omne  ferrum  e  vermibus.  Dr  B.  exhibited  the  plates 
of  Ehrenberg’s  work  on  the  animalcular  constitution  of  chalk, 
(1839)  in  which  he  has  described  and  figured  specimens  from 
twelve  localities  in  Europe,  Asia,  and  Africa,  all  of  which  are 
crowded  with  foraminiferousand  other  minute  chambered  shells, 
varying  in  size  from  l-24th  to  l-200th  of  a  line,  so  that  a 
million  may  occur  in  a  cubic  inch  of  chalk.  In  specimens 
from  the  north  of  Europe  the  quantity  of  inorganic  earthy 
chalk  exceeds  that  of  the  organic  bodies ;  but  in  specimens 
from  the  south  of  Europe  the  animal  remains  largely  predo¬ 
minate.  Ehrenberg  has  made  out  seventy-one  species  of  these 
shells,  some  calcareous,  some  siliceous,  including  twenty-two 
species  of  microscopic  nautilites,  nummulites,  and  cyprides. 
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and  forty  species  of  infusoria  ;  with  these  are  a  few  conferva; 
and  other  minute  vegetables.  The  chalk  of  the  south  of  Eu¬ 
rope  is  without  flints,  but  full  of  siliceous  infusoria,  whilst  in 
the  chalk  of  northern  Europe  there  are  abundant  flinty  no¬ 
dules,  but  no  siliceous  infusoria,  except  in  these  nodules,  as 
if  they  had  been  attracted  to  the  nascent  nodules  from  the 
fluid  in  which  they  floated.  Dr  Buckland  noticed  also  the  re¬ 
cent  discovery  by  Mr  Bowerbank  of  spicula,  and  of  organic 
cellular  and  tubular  structure,  which  he  refers  to  parasitic 
spunges  in  the  black  substance  of  chalk-flints,  which  often  in¬ 
closes  also  alcyonic  bodies  and  shells.  Admitting,  with  Pro¬ 
fessor  Ehrenberg  and  Mr  Bowerbank,  the  large  contribution 
which  animal  remains  have  supplied  to  the  substance  both  of 
chalk  and  flint.  Dr  Buckland  would  refer  the  earthy  portions 
t)f  the  chalk  and  the  inorganic  substance  of  the  flint  to  segre¬ 
gation  from  the  waters  in  which  both  the  lime  and  flint  were 
held  in  solution.  To  a  similar  segregation  from  water  he 
would  likewise  assign  the  origin  of  the  calcareous  earthy  ma¬ 
trix  which  invests  the  calcareous  exuvia;  of  molluscous  and 
radiated  animals  in  the  shelly,  the  encrinal,  and  coralline  lime¬ 
stones  of  the  Silurian,  Devonian,  and  carboniferous  series,  and 
which  is  still  more  obviously  loaded  with  organic  remains  in 
the  forest  marble  and  coralline  beds  of  the  oolite  formation 
and  also  in  the  calcaire  grossier,  the  crag,  and  fahluns  of  the 
tertiary  series.  Dr  Buckland  next  shewed  the  relations  of  the 
recent  nautilus,  sepia,  and  velella  to  the  minute  molluscous 
constructors  both  of  recent  and  fossil  foraminiferous  micro¬ 
scopic  shells,  and  stated  how  much  the  modern  discoveries  of 
microseopic  shells  and  infusoria  have  added  to  the  amount 
of  animal  remains  that  are  known  to  have  contributed  to 
the  formation  of  limestone.  He  illustrated  the  extent  to 
which  molluscous  animals  occur  in  our  present  seas  by  Cap¬ 
tain  Beaver’s  discovery,  that  two  shoals  marked  in  the  charts 
as  sand-banks,  between  the  Cape  of  Good  Hope  and  Mau¬ 
ritius,  in  Lat.  34°  30'  S.,  Long.  27°  30'  E.,  are  dense  masses 
of  small  medusae,  floating  in  water  more  than  150  fathoms 
deep  ;  and,  by  Captain  Scoresby’s  calculation  of  the  number 
of  medusae  in  a  cubic  foot  of  water  in  the  Greenland  seas,  ex¬ 
ceeding  100,000.  He  also  stated  that  the  luminous  appear- 
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ance  of  the  sea  in  summer  nights  is  due  to  the  presence  of 
myriads  of  minute  molluscous  animals.  Dr  Duckland  next 
spoke  of  the  microscopic  animalcules  which  fill  our  stagnant 
ditches  and  lakes  of  fresh  water ;  the  red  and  green  colour  of 
the  water  of  certain  shallow  ponds  in  summer  is  in  some  cases 
due  to  swarms  of  infusoria,  invisible  to  the  naked  eye  ;  some 
of  these  are  figured  and  described  in  Shaw’s  Miscellany.  Re¬ 
cent  observations  have  found  the  sediments  of  the  lake  of 
Neufchatel  to  be  full  of  infusoria  ;  so  also  is  the  mud  at  the 
bottom  of  every  ditch  and  shallow  pool.  From  the  surface  of 
this  mud,  whilst  dry  in  summer,  the  desiccated  infusoria  are 
raised  by  the  wind  into  the  air,  where  they  become  mixed 
with  rain,  and  fog,  and  snow,  in  all  of  which  the  microscope 
of  Ehrenberg  has  detected  them  ;  they  float  with  the  atoms  of 
dust  we  see  twinkling  in  a  sunbeam,  and  return  to  life  on  fall¬ 
ing  into  water  or  other  fluids  fitted  for  their  resuscitation  ; 
they  are  propagated  by  eggs,  and  by  subdivision  of  the  bodies 
of  individuals  ;  from  one  individual  sixteen  millions  have  been 
produced  in  twelve  days.  Many  of  these  infusorial  animal¬ 
cules  have  been  noticed  by  former  observers,  and  lU’e  figured 
in  the  plates  of  the  Encycloptyie  Methodique,  but  they  have 
not  till  lately  been  shewn  to  be  largely  connected  with  geo¬ 
logy.  The  almost  universal  presence  of  infusoria  in  lakes  and 
ponds  explains  the  occurrence  of  a  stratum  of  polishing  stone 
(Polier  schiefer),  composed  entirely  of  siliceous  shields  of  in¬ 
fusoria,  fourteen  feet  thick,  and  occupying  the  bottom  of  an 
ancient  lake  of  great  extent,  at  Bilin,  in  Bohemia.  Other 
genera  of  infusoria,  which  secrete  to  themselves  shells  or 
shields  of  oxide  of  iron,  have  been  discovered  by  Ehrenberg, 
in  the  marsh  ochre  that  is  formed  annually  in  the  ditches, 
and  even  in  cow  tracks,  on  the  meadows  near  Bilin.  The 
iron  secreted  from  the  water  by  each  animal  to  form  its 
shield  becomes  a  nucleus,  attracting  other  iron  from  the  same 
water  that  supplied  it  to  the  animal,  so  that  the  iron-ore  is 
partly  of  animal  and  partly  of  mineral  origin.  The  siliceous 
infusoria  in  chalk-flints  seem  to  have  been  attracted  to  the 
alcyonic  and  spongiform  bodies  which  often  constitute  the 
nucleus  of  these  flints,  at  the  same  time  that  these  nuclei  at¬ 
tracted  also  unorganised  silex  from  the  waters  that  held  in 
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solution  both  silex  and  carbonate  of  lime.  We  find  both 
these  earths  in  warm  springs  that  issue  from  the  volcanic 
rocks  ;  e.  g.  water  charged  with  carbonate  of  lime  is  now  issu¬ 
ing  from  the  trap-rocks  of  Clermont,  in  Auvergne,  and  de¬ 
posits  of  siliceous  stone  are  daily  accumulating  around  the 
orifice  of  the  geyser,  in  Iceland.  Recent  discoveries  of  marine 
infusoria  in  the  sea-water,  co-existing  with  microscopic  mol¬ 
luscs,  lead  us  to  infer  from  analogy  the  high  probability  that 
similar  animalcules  were  not  less  abundant  in  the  ancient  seas. 
We  may  therefore  expect  to  discover  fossil  infusoria  by  the 
application  of  the  microscope  to  thin  slices  of  all  siliceous  and 
calcareous  sedimentary  rocks,  that  contain  any  other  kind  of 
marine  or  fresh-water  remains.  In  this  extension  of  the  ap¬ 
plication  of  the  microscope  from  the  living  to  the  fossil  infu¬ 
soria  and  foraminifcrs,  we  are  commencing  a  new  and  im¬ 
portant  era  in  palaeontology,  which  will  demonstrate  a  won¬ 
derful  and  very  extensive,  but  by  no  means  exclusive,  agency 
of  animalcules  in  the  formation  of  limestone.  In  the  case  of 
crystalline  marbles,  it  is  probable  that  if  any  organic  remains 
were  ever  contained  in  them,  they  have  been  obliterated  by 
heat. 

2.  Kilbrickenite. — Kilbrickenite,  as  Dr  Apjohn  proposed  to 
call  a  new  mineral  from  Kilbricken  lead-mine,  county  of  Clare, 
is  obviously  what  Berzelius  denominates  a  sulphur-salt,  i.  e.  a 
combination  of  an  electro-negative  with  an  electro-positive 
sulphuret.  But  there  are  several  other  ores  known  to  mine¬ 
ralogists,  composed  of  the  same  proximate  constituents,  or 
including  sulphuret  of  lead  in  association  with  the  sulphuret  of 
antimony.  The  subjoined  list  comprehends  those  which  have 
been  analyzed  and  described  : — 

Zinkonite,  .  .  S,  Pb  -f  Sj,  Sb. 

I'bigionite,  .  4  (S,  Pb)  +  3  (S:;,  Sb.) 

Jumesonitc,  .  .  [5  (S,  Pb)  -p  Si,  Pb.-]  -p  4  (S3,  Sb)  I 

Peatlicr  ore  of  lead,  2  (S,  Pb)  +  S3,  Sb. 

Boulangeritc,  .  .  3  (S,  Pb)  -P  S3,  Sb. 

A  mere  inspection  of  the  formulaj  is  sufficient  to  shew  that 
each  mineral  in  this  list  is  distinct  in  composition  from  that 
whose  analysis  has  been  given  above.  There  is,  however,  an 
ore  possessing  a  constitution  perfectly  analogous  to  the  Irish 
mineral,  namely,  the  Sprbdglaserz  of  Mohs  and  Werner,  or 
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Tvlmt  Professor  Jameson  calls  brittle  silver-glance.  The  for¬ 
mula  of  this  mineral  Rose  has  shewn  to  be  6  (S,  Ag)  +  83, 

S  b  ;  so  that  it  differs  from  the  Kilbrickenite  merely  in  con¬ 
taining  silver  instead  of  lead. — Proceedings  of  the  JRogal  Irish 
Academy^  No.  24.  1840. 

On  the  Composition  of  Pyrope. — Dr  Apjohn  lately  made 
a  brief  verbal  communication  to  the  Royal  Irish  Academy  on 
the  subject  of  the  composition  of  Pyrope,  This  mineral,  long 
confounded  with  garnet,  is  known  to  be  distinguished  from  it 
by  containing  chrome,  and  by  exhibiting  not  the  dodecahe¬ 
dral,  but  the  hexahedral  form.  The  best  analyses  of  it,  how¬ 
ever,  which  are  by  Kobel  and  Wachmeister,  are  obvio'osly  im¬ 
perfect,  of  which  no  better  proof  can  be  given  than  that  Gus- 
tavus  Rose  in  his  Crystallography,  does  not  attempt  to  give 
the  formula  of  the  mineral,  but  contents  himself  with  enu¬ 
merating  the  different  oxides  of  which  it  is  composed.  Under 
these  circumstances.  Dr  Apjohn  conceived  that  a  re-examina¬ 
tion  of  the  constitution  of  pyrope  would  not  be  without  inte¬ 
rest.  He  therefore  undertook  its  analysis  ;  and  the  result  has 
been  that  he  has  detected  in  it  yttria,  one  of  the  rarest  of  the 
earths  ;  one,  in  fact,  which  had  previously  been  known  to  exist 
only  in  a  few  minerals  of  exceeding  scarcity. — 'Proceedings  of 
the  Royal  Irish  Academy,  No.  2().  1840. 

ZOOLOGY. 

Fossil  Dugongs. — M.  de  Blainville,  in  name  of  a  commis¬ 
sion  composed  of  MM.  Alexander  Brongniart,  Cordier,  and 
himself,  read  a  favourabe  report  on  a  memoir  presented  by 
M.  Jules  de  Christol,  of  which  he  gave  an  analysis  at  the 
time  of  its  presentation.  The  memoir  is  entitled,  Recherches 
sur  divers  ossements  fossiles  attribuis  par  Cuvier  a  deux  Phoques, 
au  Lamantin,  et  d  deux  especea  d' Hippotames,  et  rapportis  au  Me- 
taxytherium,  nouveau  genre  de  Cttacts  de  la  famUle  dcs  Dugongs. 

M.  de  Blainville  began  by  making  a  few  general  remarks, 
which  were  pearly  to  the  same  purport  as  those  which  we  ex¬ 
tract  from  his  report. 

“  One  of  the  most  celebrated  naturalists  that  flourished  in 
the  end  of  the  last  century  and  the  beginning  of  the  present, 
Blumenbach,  has  expressed  the  opinion,  in  his  Arclueology  of 
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the  Earth,  that  pahcontological  geology  presents  some  resem¬ 
blance  to  the  history  of  the  generality  of  mankind,  that  is  to 
say,  that  it  must  go  through  mythological  and  heroic  periods 
before  it  reach  what  can  be  truly  called  the  historical.  Palaeon¬ 
tology  has  unquestionably  been  in  the  last-mentioned  condi¬ 
tion  for  nearly  a  century.  At  the  same  time  it  is  not  to  be 
denied  that, 'even  in  recent  times,  works  on  palaeontology  have 
been  too  often  executed  under  the  influence  of  a  fanciful  illu¬ 
sion,  which  rendered  it  difficult  to  discern  the  truth,  even 
though  the  processes  of  demonstration  appeared  exact  and  al¬ 
most  mathematical.  It  ought  not,  therefore,  to  be  surprising 
that  we  still  find  a  certain  number  of  geologists  who,  influ¬ 
enced  by  a  respectful  confidence  for  observers,  rather  than 
guided  by  a  profound  and  personal  examination  of  their  ob  • 
serrations,  admit  and  propagate,  in  whole  or  in  part,  infe¬ 
rences  evidently  false,  yet  which  necessarily  flow  from  the 
premises  obtained  by  this  mode  of  procedure.  Thus,  for  ex¬ 
ample,  it  was  for  a  long  while  difficult  to  avoid  the  belief  that 
fossil  animals  were  found  in  Europe  which  did  not  exist  in  a 
living  state  any  wdiere  but  in  South  America  ;  and  yet  all  the 
facts,  as  they  came  successively  to  be  more  carefully  exa¬ 
mined,  were  opposed  to  this  opinion ;  and  the  recent  disco¬ 
veries  of  MM.  Clausen  and  Lund  in  the  caverns  of  Brazil  tend 
likewise  to  confirm,  in  relation  to  the  fossil  bones  of  the  two 
continents,  the  observation  of  Buffon,  that  the  living  species 
are  never  the  same  in  both,  with  the  exception  of  the  more 
northern  parts. 

“At  the  same  time,”  adds  the  reporter,  “  amidst  this  distract¬ 
ing  diversity  of  opinion,  a  few  liberal  minds,  keeping  free  from 
fanciful  or  interested  impressions,  which  are  unhappily  too 
common  for  the  real  advancement  of  the  sciences,  have  begun 
to  reconsider  the  grounds  on  which  a  very  considerable  num¬ 
ber  of  assertions  regarding  palaeontology,  have  been  made  to 
rest.  Admitting  less  than  ever  that  a  single  part  of  a  skele¬ 
ton,  even  though  selected  with  that  view,  can  enable  one  to 
reconstruct  the  whole,  that  the  dental  system  is  in  necessary 
accordance  with  the  digital  system,  or  with  any  other  portion 
of  the  skeleton,  that  a  single  tooth  is  enough  to  establish  a 
genus,  or  that  size  alone  can  characterize  species  ;  they  have 
introduced  into  the  distinctive  attributes,  the  age,  sex,  and 
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conditions  favourable,  or  otherwise,  to  existence,  and  conse¬ 
quently  to  development.  Proceeding  on  these  principles,  it  is 
easy  to  perceive  that  the  limits  of  variation  in  the  different 
pieces  of  a  skeleton  ard  much  wider  than  was  at  first  supposed. 
This  fact  is  confirmed  by  daily  observation,  and  becomes  more 
and  more  obvious  in  proportion  as  our  osteological  collections 
extend,  and  are  made  more  complete.  The  consequence  is, 
that  affirmations  in  reference  to  palaeontology  ought  to  be 
made  in  a  less  decisive  manner,  and  they  will  thus  become 
more  exact,  by  resting  on  a  more  rational  investigation. 
Then,  by  taking  into  consideration  the  conditions  derived  from 
the  natural  history  of  living  animals,  we  may  perceive  that 
certain  of  them,  not  to  say  all,  when  we  have  respect  to  the 
harmony  of  creation,  may  be  influenced  more  or  less,  in  con¬ 
sequence  of  the  material  and  intellectual  development  of  man, 
to  such  a  degree,  that  some  have  disappeared  during  the  his¬ 
torical  period,  and  almost  from  under  our  eyes,  from  certain 
countries,  and  even  from  the  surface  of  the  earth,  as  has  taken 
place  with  the  dronte,  or  the  dodo,  in  the  class  of  birds.” 

M.  Jules  de  Christol  is,  perhaps,  one  of  the  first  palaeontolo¬ 
gists  who  has  studied  the  subject  in  this  light.  He  has  shewn, 
many  years  ago,  that  the  fossil  bones  on  which  G.  Cuvier  es¬ 
tablished  his  Hippopolame  moyen,  did  not  belong  to  a  hippo¬ 
potamus,  but  rather  to  an  animal  of  the  genus  lamantin,  or 
dugongs,  which  likewise  live,  it  is  true,  in  water,  and  are  her¬ 
bivorous,  but  do  not  belong  to  the  same  natural  family.  M. 
de  Christol’s  new  memoir  may  be  said  to  be  a  continuation  of 
that  of  which  we  have  already  spoken,  and  still  refers  to  the 
correction  of  an  error  which  escaped  G.  Cuvier,  respecting  bones 
ascribed  by  him  to  a  species  of  seals,  carnivorous  marine  ani¬ 
mals,  and  which  M.  do  Christol  supposes  likewise  to  be  those 
of  a  dugong.  We  shall  not  I'evert  to  what  has  been  already 
said  on  this  subject.  We  shall  only  add  the  following  re¬ 
marks  with  which  M.  de  Blainville  concludes  his  report. 

“  M.  de  Christol’s  researches  give  prominence  to  this  fact, 
among  others,  that  at  times  more  or  less  remote  from  the  pre¬ 
sent,  all  the  gulfs  of  Europe  into  which  large  rivers  discharge 
their  waters,  produced  a  more  or  less  distinct  species  of  this 
family  (the  dugongs)  ;  as  there  is  still  found  one  in  countries 
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to  which  civilization  has  not  transported  multitudes  of  human 
beings,  who  are  necessarily  destructive  to  the  harmony  of 
creation,  for  example,  in  the  Indian  Archipelago,  in  the  Red 
Sea,  where  the  dugong  is  found,  or  in  the  Gulf  of  Kamtschatka, 
to  which  the  Lamantin  de  Stelles  is  exclusively  confined.  Thus, 
in  the  vast  embouchure  of  the  Rhone,  in  the  Gulf  of  Lyons, 
there  existed  a  species  re-established  by  M.  de  Christol,  per¬ 
haps  the  same  as  that  which  lived  in  the  ocean  of  Homer, 
or  in  the  Gulf  of  the  Nile.  For  it  appears  that  the  bones 
found  by  M.  Lefevre,  on  the  other  side  of  Cairo,  in  a  calca¬ 
reous  ridge,  probably  belong  to  a  species  of  lamantin  rather 
than  of  phoca.  In  the  Gulf  of  the  P6,  one  was  likewise  found, 
the  bones  having  been  discovered  in  the  sub-Apennine  hills 
in  the  neighbourhood  of  Montiglio  in  Montferrat,  and  of 
which  M.  Bruno  has  formed  a  genus  under  the  name  of  Chei~ 
rotherium.  The  Gulf  of  (tascony,  at  the  wide  embouchure  of 
the  Garonne,  also  possessed  a  species,  perhaps  the  same  as 
that  in  the  vicinity  of  Angers  or  the  Gulf  of  Guest,  as  there 
exists  a  living  species  in  the  present  day  at  the  mouth  of  the 
great  rivers  of  Northern  Africa,  and  another  almost  opposite 
in  the  Gulf  of  the  Amazon  in  South  America.  The  Gulf  of 
the  Rhine  produced  the  Dinotherium,  w’hich  was  likewise 
found  in  the  other  European  gulfs ;  and,  perhaps  at  that  period, 
another  species  occurred  in  the  Gulf  of  St  Lawrence,  for  we 
cannot  suppose  that  it  exists  there  still,  and  has  hitherto 
escaped  observation,  unless  the  mastodon  which  evidently 
forms  the  passage  of  the  terrestrial  gravigrades  or  elephants 
to  the  aquatic  gravigrades  or  lamantins,  be  the  representa¬ 
tive  of  this  family  in  North  America.” 

M.  de  Blainville  proposed  that  the  Academy  should  express 
its  approbation  of  M.  de  Christol’s  researches,  in  order  to  encou¬ 
rage  him  to  farther  exertions  in  this  investigation,  which  was 
agreed  to. 

5.  The  Migrations  and  Manners  of  Lemmings,  Mus  Lemnus. 
L.  Lemnus  norvegicus.  Hay.  By  M. Martins.* — Olaiis Magnus, 
archbishop  of  Upsal,  is  the  most  ancient  author  who  speaks  of 
Lemmings.  According  to  him,  Wormius  has  devoted  a  mono¬ 
graph  to  them,  in  which  he  makes  an  efibrt  to  prove  that  they 
fall  from  the  clouds.  We  are  indebted  for  many  interesting 

•  Kesvl  to  the  Sorieti  Pliilomatique  of  Paris,  juicl  printed  in  the  “  Institut.” 
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observations  respecting  them  to  Samuel  Rheen,  Sir  Paul 
Ryeaut,  Linnajus,  Hoegstroem,  Pallas,  Fabricius,  and  Zetter- 
stadt.  None  of  these  authors,  however,  with  the  exception  of 
Hoegstroem,  have  been  present  to  witness  a  migration.  M. 
Bravais  and  myself  have  been  more  fortunate ;  and  I  shall 
here  give  a  short  account  of  our  observations.  Many  of  the 
members  of  the  Northern  Scientific  Commission,  among 
others,  MM.  Gaimard  and  Sundevall,  traversed  Lapland  in 
September  1838  ;  and  they  never  fell  in  with  a  single  lem¬ 
ming.  The  following  year,  at  the  same  period,  we  saw  them 
in  myriads  on  the  plateau  of  Lapland.  AtBossecop  (Lat.  70°) 
they  were  rather  scarce,  and  again  became  so  when  we  de¬ 
scended  below  the  limit  of  the  zone  of  the  white  birch.  They 
again  became  very  common  in  the  neighbourhood  of  Karasu- 
ando  on  the  banks  of  the  Muonio,  but  on  the  right  side  of  this 
river,  a  little  below  Muonioniska  (Lat.  67°  55'),  they  were 
truly  innumerable,  and  it  was  impossible  to  look  around  one 
without  seeing  a  great  number  at  once,  and  all  running  in  the 
same  direction  parallel  with  the  river.  This,  then,  was  the 
commencement  of  the  migration  ;  the  army  was  on  march. 
On  the  plateau,  on  the  contrary,  they  ran  about  hither  and 
thither,  without  inclining  to  any  particular  direction.  When 
they  descended  lower  into  the  plain,  their  ranks  became 
closer.  Linna'us  says,  “  They  trace  rectilinear  parallel  fur¬ 
rows,  from  two  to  three  inches  deep,  and  many  ells  distant 
from  each  other.  They  devour  every  thing  in  their  passage, 
plants  and  roots,  and  nothing  turns  them  aside  from  their 
course.  If  a  man  stand  in  their  way,  they  slip  between 
his  legs.  If  they  meet  with  a  rick  of  hay,  they  gnaw 
their  way  through  it,  and  pass  along.  If  a  rock  oppose 
their  progress,  they  run  round  it,  and  resume  their  rectilinear 
course.  When  a  lake  occurs  on  their  route  they  cross  it  in  a 
right  line,  whatever  may  be  its  breadth,  and  that  very  often 
at  its  greatest  diameter.  Should  a  boat  be  lying  in  the  line  of 
their  passage,  they  creep  over  it,  and  again  throw  themselves 
into  the  water  on  the  other  side.  Even  a  rapid  river  cannot 
arrest  them  ;  they  throw  themselves  into  the  current,  although 
they  should  all  perish  in  it.”  All  these  details  are  confirmed 
by  others,  and  we  are  assured  that  in  1833  they  ascended  in 
the  boats  as  far  as  Dupvig,  near  Bossecop,  and  to  Hernoesand 
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in  Sweden.  When  not  migrating,  lemmings  inhabit  burrows, 
either  simple  or  ramified  at  one  or  more  of  their  openings,  dug 
in  the  little  mounds  of  earth  so  common  in  Lapland,  and  which 
are  generally  produced  by  the  stump  of  a  pine  having  become 
reduced  to  vegetable  earth.  Constantin  Gloger  enumerates 
only  five  species  of  the  Linnean  genus  Mas,  which  construct 
nests.  These  are  Mue  messorius,  M.  musculus,  M.  agrarius, 
M.  sylvaticue,  and  M.  minutus.  To  this  list  it  is  necessary  to 
add  M.  lemnus.  Its  nest  is  cylindrical,  about  18  centimetres 
long,  by  6  broad,  more  capacious  below  than  above,  with  an 
.opening  at  its  anterior  extremity.  One  of  those  we  brought 
■with  us  was  composed  of  the  leaves  of  a  grass  which  could  not 
be  recognised,  mingled  with  fragments  of  Betula  nana,  Empe- 
trum  nigrum,  Vaccinium  Vitk-idea,  Cenomyce  rangiferina,  C. 
.pyxidata,  Cladonia  deformie,  and  Stereocaulon  tomentosum.  Lem¬ 
mings  are  very  courageous ;  they  try  to  defend  themselves 
against  every  opponent  by  whistling  and  barking  ;  and  they 
fight  with  fury  among  themselves.  When  two  of  them  are  put 
into  a  cage  together,  it  is  necessary  that  one  should  yield  to 
the  other.  Bears,  foxes,  wolves,  martins,  ermines,  dogs,  birds 
of  prey,  and  even  rein-deer,  destroy  them  in  great  numbers. 
Their  animal  temperature  is  rather  high  ;  a  medium  of  four 
observations  afforded  me  +  39°  5"  Cent. 

In  relation  to  the  statement  made  by  M.  Martins,  that  rein¬ 
deer  sometimes  feed  on  lemmings,  M.  Roulin  mentioned  that 
an  analogous  fact  is  observed  among  many  other  species  of 
herbivorous  mammifera,  which  appear  capable  of  readily  ac¬ 
commodating  themselves  to  an  animal  nutriment  when  a  vege¬ 
table  one  fails  them.  Thus,  during  the  passage  of  a  cloud  of 
migratory  locusts,  we  see  fowls,  sheep,  and  cows  searching  for 
them  eagerly,  on  purpose  to  feed  on  them.  Perhaps  some  of 
the  epizootical  diseases  which  ravage  our  flocks  may  be  as¬ 
cribed  to  this  cause.  It  is  known,  moreover,  that  in  New 
Holland,  sheep,  at  a  certain  period,  eat  their  young.  M.  Rou- 
lin  likewise  remarked,  that  the  lemming  is  not  the  only  species 
of  mammifera  which  sometimes  appears  in  innumerable  mul¬ 
titudes,  and  he  mentioned,  among  the  animals  of  France,  the 
campagnols  of  Beauce,  the  rats  of  Bretagne,  &c.  Many  other 
animals,  and  locusts  in  particular,  in  like  manner  follow  a 
straight  line  in  their  migrations.  Finally,  the  great  battles  in 
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which  the  lemmings  engage  during  their  travels,  by  no  means 
constitute  a  fact  peculiar  to  this  species  ;  the  troops  of  dogs, 
which  are  used  in  certain  countries  for  drawing  sledges,  pre¬ 
sent  us  with  a  new  example  of  it.  When  one  of  these  dogs  is 
struck  by  the  driver’s  whip,  it  often  happens  that  he  bites  his 
neighbour  ;  the  latter  attacks  a  third,  and  so  on,  till  the  battle 
becomes  general.  M.  Koulin  concluded  his  remarks  by  saying, 
that  the  great  sensibility  of  lemmings  to  cold  may  well  be  con¬ 
sidered  one  of  the  causes  which  determine  the  migrations  of 
these  animals. 

JFliale  Fishery  in  the  Northern  Seas. — For  many  years  of 
late,  remarkable  changes  have  taken  place  in  the  circum¬ 
stances  of  this  species  of  fishery,  which  every  day  become 
more  and  more  perceptible.  The  whale  regions  are  no  longer 
the  same  as  formerly.  Originally,  the  seas  situate  between 
Spitzbergen  and  Greenland  were  frequented  :  these  were  af¬ 
terwards  totally  abandoned.  Whalers  gave  the  preference  to 
Davis’  Straits,  Bafiin’s  Bay,  or  the  seas  to  the  east  of  Green¬ 
land.  At  the  present  time,  Davis’  Straits  appear  on  the  point 
of  being  deserted  in  their  turn.  France  no  longer  sends  any 
ships  there ;  Holland  sends  only  one  or  two  ;  England,  which 
formerly  sent  upwards  of  200  ships  to  these  regions,  in  1832 
sent  only  81.  The  number  is  now  much  less,  and  will  still 
doubtless  continue  to  diminish,  for  the  results  of  the  last  ex¬ 
pedition  were  very  unsatisfactory.  It  is  probable  that  the 
English  will,  ere  long,  renounce  the  dangers  of  so  laborious  and 
difficult  a  navigation,  in  order  to  devote  themselves,  like  the 
French  and  the  Americans,  to  the  fishery  in  the  more  tem¬ 
perate  regions  of  the  south.* 

Scientific  Meetings. 

7.  British  .dissociation.— Themeeiing  of  the  British  Associa- 


*  We  are  informed  by  our  friend  John  Mitchell,  Esq.,  Belgian- Consul, 
Leith,  that  this  year  there  will  not  be  more  than  seventeen  ships  altogether 
fitted  out  for  Greenland  and  Davis’  Straits,  viz.  nine  or  ten  ships  for  Green¬ 
land  from  Peterhead,  principally  for  seals ;  two  from  Kirkcaldy  to  Davis’ 
Straits ;  one  from  Hull  for  do. ;  two  from  Newcastle  for  do. ;  and  two  from 
Dundee  for  do.  There  are  only  two  from  Holland,  and  there  are  none  now 
from  France. — Edit. 
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tlon  takes  place  this  year  at  Plymouth,  and  will  occupy  the 
week  commencing  Monday  July  12. 

8.  Congres  Scientifique  de  France. — The  ninth  meeting  of 
this  Association,  which,  in  its  plan  and  objects,  resembles  the 
British  Association  for  the  Advancement  of  Science,  will  be 
held  at  Lyons,  and  will  occupy  twelve  days.  The  session  will 
open  on  Wednesday  September  1.  1841,  in  the  great  hall 
of  the  Palais  des  Terreaux.  The  Association  will  be  particu¬ 
larly  gratified  by  the  attendance  of  men  attached  to  Science, 
Literatiu*e,  and  the  Arts  from  the  British  Isles. 


NEW  PUBLICATIONS. 

Three  Lectures  on  Agriculture,  delivered  at  Oxford  during  the  gear  1041,  in 
which  the  Chemical  Operation  of  Manure  is  particularlg  considered,  and  the 
Scientife  Principles  explained  upon  which  their  efficacy  appears  to  depend. 
By  Charles  Daubeny,  M.D.,  F.R.S.,  &c.,  Sibthorpian  Professor  of  Bural 
Economy  in  the  University  of  Oxford.  London,  John  Murray;  and 
Oxford,  J.  H.  Parker.  8vo.  Pp.  lOG.  1841. 

The  following  is  a  summary  of  the  contents  of  these  inte¬ 
resting  Lectures : — 

Lecture  I. — Value  of  scientific  knowledge  in  agriculture. — Immense  na¬ 
tional  gain  accruing  from  the  smallest  agricultural  improvement. — Uses  of 
botany  and  vegetable  physiology  in  agriculture. — Uses  of  chemical  know¬ 
ledge  in  the  same — For  determining  the  origin  of  the  elementary  principles 
which  enter  into  the  composition  of  vegetables — For  the  preservation  of 
animal  manures — For  discriminating  the  mode  of  their  action  upon  plants — 
For  ascertaining  the  cause  of  the  exhaustion  of  soils. — Other  lines  of  re¬ 
search  interesting  to  the  agriculturist  upon  which  chemistry  may  throw 
light. — Concluding  remarks. 

Lecture  II. — On  the  scientific  principles  by  which  the  application  of 
manures  ought  to  bo  regulated. — Plan  of  cultivation  adopted  by  the  first 
settlers  in  a  new  country  at  the  present  time. — Distinction  between  prairies 
and  wood-lands. — Similar  method  of  culture  pursued  by  the  early  colonists 
of  antiquity — Fallowing,  when  first  resorted  to. — Manuring,  first  noticed  by 
Homer. — Kotation  of  crops,  how  far  practised  by  the  Romans. — Improve¬ 
ments  introduced  in  modem  times. — Increased  productiveness  of  the  soil 
since  the  time  of  Queen  Elizabeth,  as  shewn  by  the  growth  of  population. — 
Imperfections  of  our  present  knowledge  with  respect  to  the  principles  of 
husbandry. — Source  of  the  various  elementary  bodies  which  enter  into  the 
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constitution  of  plants  considered. — 1.  That  of  the  earthy  and  alkaline  mat¬ 
ters  which  they  contain. — Experiments  by  Saussure  and  Daubeny. — Infe¬ 
rences  from  these  facts  as  to  the  impropriety  of  over-cropping. — Variation 
of  the  earthy  and  alkaline  contents  of  a  plant  according  to  the  nature  of  the 
soil. — Why  strontian  cannot  bo  substituted  for  lime  in  the  structure  of  a 
plant. — Limits  to  the  power  of  substituting  one  earthy  or  alkaline  body  for 
another.  2.  Source  of  the  carbon. — In  what  manner  vegetable  mould  sup¬ 
plies  carbon  to  plants. — Conclusion  that  the  carbon  of  plants  is  derived  di¬ 
rectly  from  carbonic  acid  alone. — The  hydrogen  in  plants  traced  to  the  de¬ 
composition  of  water. — Origin  of  the  nitrogen  which  plants  contain  in  the 
ammonia  present  in  the  atmosphere.— Proofs  of  the  universal  presence  of 
this  alkali,  both  in  air  and  water. — Proofs  of  its  presence  in  the  juices  of 
plants. — Differences  between  the  different  bodies  in  the  power  of  decom¬ 
posing  ammonia. — Distinction  between  restorative  and  exhausting  crops 
founded  on  this  difference. 

Lecture  III. — Practical  inferences  from  the  principles  above  laid  down  : 
] .  The  utility  of  diligent  and  frequent  tillage. — Subsoil  ploughing. — Spado 
husbandry.  2.  Uses  of  manures.  3.  Proper  succession  of  crops.  4.  Selec¬ 
tion  of  manures. — Speculations  as  to  the  primary  source  of  tho  carbon  and 
nitrogen  present  in  plants  and  animals.  This  section  is  published  in  the 
present  number  of  tho  J ourual.  Appendix :  On  the  increase  in  the  produc¬ 
tive  powers  of  the  soil  of  Great  Britain  witliin  the  last  century. 


List  of  Patents  granted  for  Scotland  from  22d  December  1840 
to  19fA  March  1841. 

1.  To  Bobeut  Cooper  of  Pebworth,  in  the  county  of  Gloucester,  gentle¬ 
man,  “  improvements  in  plonghs.” — 24th  December  1840. 

2.  To  Henry  Trewiiitt  of  Newcastle-on-Tyno,  in  the  county  of  Nor¬ 
thumberland,  Esq.  being  a  communication  from  abroad,  “  certain  improve¬ 
ments  in  the  f:ibrication  of  china  and  earthenware,  and  in  the  apparatus  or 
m.achinery  applicable  thereto.” — 24  th  December  1840. 

3.  To  Charles  Parker  of  Darlington,  in  tho  county  of  Durham,  flax- 
spinner,  “  improvements  in  looms  for  weaving  linen  and  other  fabrics,  to  be 
worked  by  hand,  steam,  water,  or  any  other  motive  power.” — 24tli  Decem¬ 
ber  1840. 

4.  To  John  Werthiemer  of  West  Street,  Finsbury  Circus,  in  tlic  city  of 
London,  printer,  being  a  communication  from  abroad,  “  certain  improvements 
in  preserving  animal  and  vegetable  substances  and  liquids.” — 24th  Decem¬ 
ber  1840. 

.5.  To  Edmund  Leach  of  Rochdale,  in  the  county  of  Lancaster,  machine- 
maker,  “  certain  improvements  in  machinery  or  apparatus  for  carding,  doub¬ 
ling  and  preparing  wool,  cotton,  silk,  flax,  and  other  fibrous  substances.” — 
28  th  December  1840. 

6,  To  William  Hicklino  Burnett  of  Wharton  Street,  Bagniggo  W’^ells 
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Bond,  in  the  county  of  Middlesex,  gentleman,  “  improved  machinery  for 
cutting  or  working  wood.” — 28th  December  1840. 

7.  To  John  Grylls  of  Portsea,  "  improvements  in  the  machinery  used 
for  raising  and  lowering  weights.” — 31st  December  1840. 

8.  To  Samuel  Brown  of  Iloxton  in  the  county  of  Middlesex,  civil  en¬ 
gineer,  “  improvements  in  making  casks  and  other  vessels  of  or  from  iron  or 
other  metals.” — 31st  December  1840. 

9.  To  William  Henry  Bailey  Webster  of  Ipswich  in  the  county  of 
Suffolk,  surgeon  in  the  Boyal  NaA^,  “  improvements  in  preparing  skins  and 
other  animal  matters  for  the  purposes  of  tanning  and  the  manufacture  of 
gelatine.” — 31st  December  1840. 

10.  To  Colin  Macrae  of  Comhill,  Perthshire,  Scotland,  gentleman, 
being  a  communication  from  abroad,  “  improvements  in  rotary  engines 
worked  by  steam,  smoke,  gases,  or  he.ated  air,  and  in  the  modes  of  applying 
such  engines  to  useful  purposes.” — 31st  December  1840. 

1  h  To  Moses  Poole  of  Lincoln’s  Inn  in  the  county  of  Middlesex,  gentle¬ 
man,  “  improvements  in  drying  woollen  and  other  fabrics.” — 31st  December 

1840. 

12.  To  Thomas  Clark  of  Wolverhampton  in  the  county  of  Staffonl,  iron- 
founder,  being  a  communication  from  abroad,  “  certain  improvements  in  the 
construction  of  locks,  latches,  and  such  like  fastenings,  applicable  for  secur¬ 
ing  doors,  gates,  windows,  shutters,  and  such  like  purposes.” — 6th  J anuary 

1841. 

13.  To  Hugh  Unsworth  of  Blackrod,  near  Bolton,  in  the  county  of 
Lancaster,  bleacher,  “  certain  improvements  in  machinery  or  app.iratus  for 
mangling,  drying,  damping,  and  finishing  woven  goods  or  fabrics.” — 7th  Ja¬ 
nuary  1841. 

14.  To  Henry  GEORGEFRANcis,EARLof  DociE,ofWoodchcster  Park  in 
the  county  of  Gloucester,  Bichard  Clyburn  of  Aley,  engineer,  and  Edwin 
Budding,  engineer,  of  Dursley  in  the  same  county,  “  certain  improvements 
in  machinery  for  cutting  vegetable  and  other  substances.” — 8th  January  1841. 

15.  To  Thomas  Spencer  of  Liverpool  in  the  county  of  Lancaster,  carver 
and  gilder,  and  John  Wilson  of  Liverpool  aforesaid,  lecturer  on  chemistry, 
“  certain  improvements  in  the  process  or  processes  of  manufacturing  metallic 
cylinders,  and  for  engraving  thereon,  and  for  engraving  on  metals  generally.” 
— 9th  January  1841. 

16.  To  John  Mason  of  Bochdale  in  the  county  of  Lancaster,  machinist, 
and  Alexander  Stiven  of  Manchester  in  the  same  county,  engineer,  “  cer- 
tiiin  improvements  in  machinery  or  apparatus  to  be  used  for  turning  and 
boring  purposes.” — 13th  January  1841. 

17.  To  William  Hill  Darker  sen.,  and  William  Hill  Darker  jun., 
both  of  Lambeth  in  the  county  of  Surrey,  engineers,  and  William  Wood 
of  Wilton  in  the  county  of  Wilts,  carpet  manufacturer,  “  certain  improve¬ 
ments  in  looms  for  weaving.” — 18th  January  1841. 

18.  To  J OHN  Aitchison  of  Glasgow  in  Scotland,  and  Archibald  Hastie 
of  West  Street,  Finsbury  Square,  in  the  county  of  Middlesex,  “  certain  im¬ 
provements  in  generating  and  condensing  steam,  heating,  cooling,  and  eva¬ 
porating  fluids.” — 20th  January  1841. 

19.  To  Joseph  Haley  of  Manchester  in  the  county  of  Lancaster,  engi¬ 
neer,  an  “  improved  lifting  jack  for  raising  or  removing  heavy  bodies,  which 
is  also  applicable  to  the  packing  or  compressing  of  goods  and  other  sub¬ 
stances.” — 21st  January  1841. 
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20.  To  James  J amieson  Cokdes  and  Edward  Locke  of  Newport  in  tho 
county  of  Monmouth,  “  a  new  rotary  engine.” — 28th  January  1841. 

21.  To  Samuel  Hall  of  Basford  in  the  county  of  Nottingham,  civil  en¬ 
gineer,  “  improvements  in  the  combustion  of  fuel  and  smoke.” — 28th  Janu¬ 
ary  1841. 

22.  To  John  Dickinson  of  Bedford  Bow,  Holbom,  in  the  county  of 
Middlesex,  Esq.,  “  certain  improvements  in  the  manufacture  of  paper.” — 
1st  February  1841. 

23.  To  William  M'Murray  of  Kinlieth  Mill  near  Edinburgh,  paper- 
maker,  “  certain  improvements  in  the  manufacture  of  paper.” — 3d  February 
1841. 

24.  To  William  Henson  of  Allen  Street,  Lambeth,  in  the  county  of 
Surrey,  engineer,  “  improvements  in  m.achinery  for  making  or  producing  cer¬ 
tain  fabrics  with  threads  or  yarns,  applicable  to  various  useful  purposes.” — 
4th  February  1841. 

25.  To  Nathaniel  Lloyd,  pattcin-designer,  and  Henry  Eowbotham 
calico-printer,  both  of  M.anchester  in  the  county  of  Lancaster,  “  certain  im¬ 
provements  in  thickening  and  preparing  colors  for  printing  calicoes  and 
other  substances.” — 9th  February  1841. 

26.  To  James  Maclellan  of  the  city  of  Glasgow,  manufacturer,  “an 
improved  combination  of  materials  for  umbrella  and  parasol  cloth.” — 9th 
February  1841. 

27.  To  John  Clarke  of  Islington  in  the  county  of  Lancaster,  plumber 
and  glazier,  being  a  communication  from  abroad,  and  partly  by  invention  of 
his  own,  “  an  hydraulic  double  action  force  and  lift  pump.” — 9th  February 
1841. 

28.  To  Charles  May  of  Ipswich  in  the  county  of  Suffolk,  c::  .ineer,  of 
the  Arm  of  J.  H.  and  A.  Hansome  &  Co.,  “  improvements  in  machinery  for 
cutting  and  preparing  straw,  hay,  and  other  vegetable  matters.” — 12th  Feb¬ 
ruary  1841. 

29.  To  James  Johnson  of  Ghisgow  in  North  Britain,  gentleman,  “cer¬ 
tain  improvements  in  machinery  for  tho  manufacture  of  frame-work  knit¬ 
ting  commonly  called  hosiery,  and  for  certain  improvements  in  such  frame 
work  knitting  or  hosiery.” — loth  February  1811. 

30.  To  George  Hol worthy  Palmer  of  Surrey  Square,  in  tho  county  of 
Surrey,  ciidl  engineer,  and  Charles  Perkins  of  Mark  Lane,  in  the  city  of 
London,  merchant,  “  i.Tiproved  constructions  of  pistons  and  valves  for  re¬ 
taining  and  discharging  liquids,  gases,  .and  steam.” — ICth  February  1841. 

31.  To  Miles  Berry,  of  the  office  for  patents,  66  Chancery  Lane,  in  the 
county  of  Middlesex,  patent  agent,  being  a  communication  from  abroad, 
“  certain  improvements  in  looms  for  weaving.” — 20th  February  1841. 

32.  To  Moses  Poole  of  Lincoln’s  Inn,  in  tho  county  of  Middlesex,  gen¬ 
tleman,  being  a  communication  from  abroad,  “  improvements  in  tanning.” — 
22d  February  1841. 

33.  To  William  Orme  of  Stourbridge,  in  tho  county  of  Worcester,  iron- 
m.oster,  “  improvements  in  the  manufacture  of  cofered  spades  and  other 
cofered  tools.” — 23d  February  1841. 

34.  To  William  Pierce  of  Islington,  in  the  county  of  Middlesex,  gentle¬ 
man,  “  certain  improvements  in  the  preparation  of  wool  and  other  animal 
fibres,  both  in  the  raw  and  manufactured  state,  by  means  of  which  the  qua¬ 
lity  will  be  considerably  improved.” — 24th  February  1841. 
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35.  To  TnEoriiiLUs  Richauds  of  Birmingham,  in  the  county  of  War- 
Avirk,  merchant,  being  a  communication  from  abroad,  “  improvemenU  in 
cutting  or  sawing  wo^” — 2Cth  February  1041. 

36.  To  Francis  Sleddon  junior,  of  Preston,  in  the  county  of  Lancaster, 
machine-maker,  “  certain  improvements  in  machinery,  or  apparatus  for 
roving,  slubbing,  and  spinning  cotton,  and  other  fibrous  substances.” — 2d 
March  1841. 

37.  To  Hugh  Lee  Pattinson  of  Bensham  Grove,  near  Gateshead,  in  the 
county  of  Durham,  manufacturing  chemist,  “improvements  in  the  manufac¬ 
ture  of  white  lead.” — 3d  March  1041. 

38.  To  Charles  Cameron,  Esq.,  lately  captain  in  her  Majesty’s  18th  re¬ 
giment  of  foot,  and  presently  residing  at  Mount  Vernon,  in  the  county  of 
Edinburgh,  “  certain  improvements  in  engines  to  be  actuated  by  steam  or 
other  clastic  fluids.” — 3d  March  1041. 

39.  To  Paul  Hannuic  of  Paris,  but  now  of  Manchester,  in  the  county 
of  Lancaster,  solicitor,  being  a  communication  from  abroad,  “  certain  im¬ 
provements  in  the  construction  of  governors  or  regulators  applicable  to 
steam-engines,  and  to  other  engines  used  for  obtaining  motive  power.” — 3d 
March  1841. 

40.  To  Charles  de  Bergue  of  Sydenham,  Kent,  gentleman,  being  a 
communication  from  abroad,  “  certain  improvements  in  machinery  for  mak¬ 
ing  reeds  used  in  weaving.” — 3d  March  1841. 

41.  To  William  Kino  W’estlv  of  Leeds,  in  the  county  of  York,  flax 
machinist,  “  certain  improvements  in  carding,  combing,  straightening,  cle.an- 
ing,  and  preparing  for  spinning  hemp,  flax,  and  other  fibrous  substances.” — 
6th  March  1841. 

42.  To  Robert  Urwin  of  South  Shields,  in  the  county  of  Durham,  en¬ 
gineer,  “  cerUiin  improvements  in  steam  engines.” — 9th  March  1841. 

43.  To  Walter  Richardson  of  Regent  Street,  in  the  county  of  Middle¬ 
sex,  .and  George  Mott  Braitiiwaite,  also  of  Chelsea  in  the  county  of 
Muldlesex,  gentlem.an,  being  a  cot munication  from  abroad,  “  improvements 
in  tinning  metals.” — 11th  March  1841. 

44.  To  John  Rand  of  Howland  Street,  in  the  county  of  Middlesex,  gen¬ 
tleman,  “improvements  in  presening paints  and  other  fluids.” — 16th  March 
1841. 

45.  To  Thomas  William  Booker  of  Mclin,  Griffith  works,  near  Cardiff, 
iron-master,  “  improvements  in  the  manufacture  of  iron.” — 16lh  March 
1841. 

46.  To  Charles  Edwards  Amos  of  Groat  Guildford  Street,  in  the  Bo¬ 
rough  of  Southwark,  “  certain  improvements  in  machinery  or  apparatus 
used  in  the  manufacture  of  paper.” — 18th  Miirch  1841. 

47.  To  William  Hancock  junior,  of  King  Square,  Goswell  Ro.od,  in  the 
county  of  Middlesex,  accountant,  “  an  improved  description  of  fabric  suit- 
ab’e  for  making  friction-gloves,  horse-brushes,  and  other  .articles  requiring 
rough  surfaces,  and  the  method  of  manufacturing  the  same.” — 19th  March 
1841. 

48.  To  Frederick  Steiner  of  Hyndbum  Cottle,  ne.ar  Accrington,  in  the 
county  of  Lanc.oster,  Turkey-red  dyer,  being  a  communication  from  abro.ad, 
“  improvements  in  looms  for  weaving,  and  cutting  ivsunder  double  [piled] 
cloths,  and  a  machine  for  winding  weft  to  be  used  therein.” — 19th  March 
1841. 
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Camera  Lucida,  notice  of  a  cheap,  by  Sir  John  Robison,  402. 

Carbon  and  nitrogen,  speculations  as  to  the  primary  sources  of 
the,  present  in  plants  and  animals,  by  Charles  Daubeny, 
M.D.,  360. 

Chalk-formation,  on  the  living  representatives  of  the  microscopic 
animals  of  the,  by  M.  Ehreiiberg,  390. 

Coal,  on  the  evaporative  power  of  different  kinds  of,  by  Dr  A. 
Fyfe,  256. 

Crystallography,  notice  of  Delafosse’s  memoir  on,  280. 

Congres  Scientifique  de  France,  452. 

Cuvier,  Frederic,  M.,  historical  eloge  of,  by  M.  Flourens,  1. 

Davidson,  Mr  Thomas,  his  description  of  the  process  of  Daguer¬ 
reotype,  178. 
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Dugongs,  on  fossil,  445. 
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Forbes,  Professor,  his  remarks  on  Dr  Richardson's  observations 
on  solar  radiation,  250. 

- Forbes,  Edward,  and  John  Goodsir,  Esqs.,  on  the  natural 
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Galloway,  Mr,  his  remarks  on  the  present  state  of  our  knowledge 
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Gardner,  George,  Esq.,  his  geological  notes  made  during  a  jour¬ 
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Gases,  three  inflammable,  evolved  in  coal-mines,  described  by 
Professor  Gustav  Bischof  of  Bonn,  127. 

Glaciers  of  Spitzbergen,  observations  on,  by  C.  Martens,  M.D., 
160,  284. 

Goodsir,  John,  Esq.,  M.W.S.,  on  the  structure  of  the  short  sun- 
fish  (Orthagoriscus  molaj,  188. 

- and  Edward  Forbes, *Elsq.,  on  the  natural  history  of  Tha¬ 
lassema  and  Echiurus,  369. 

Graham,  Dr,  his  description  of  now  and  rare  plants,  206,  426. 

Gray,  Lord,  his  meteorological  table,  422. 

Hamilton,  Mathie,  Esq.  on  American  earthquakes,  153. 

India,  on  the  tea-plantations  of,  301. 

Rater’s  experiment  on  thin  bars,  remarks  on,  by  Edward  Sang, 
Esq.,  321. 

Kilbrickenite,  on,  444. 
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Lemmings,  on  the  migrations  of,  by  M.  Martins,  448. 
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Dr  Buckland,  441. 
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